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The 
PATHOLETTE 
MICROSCOPE 


for teaching and 
routine work 


A revolutionary 
design with many 
advantages 


METRON WORKS - PURLEY WAY 
CROYDON 3845-8 
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VACUUM NOTES—LEAK DETECTION NO. 1. 
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highly sensitive and selective leak detector is formed. 


Hydrogen, admitted to the system via a leaking component. diffuses 
through the palladium and is lonized in the gauge head causing a 
change in current which is amplified and indicated either audibly, 
by means of a change in frequency, or visibly, by meter deflection. 
The “ Speedivac  LT4 Palladium Barrier Gauge can be supplied 
independently for use with existing equipment or complete with a 


mobile pumping system. 
* 1 lusec =1 litre micron /second. 
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A thermionic ionization gauge is isolated from the vacuum system 
by a barrier of palladium metal enabling the gauze to operate at 
pressures much lower than those in the system. Heated palladium 
is highly permeable to hydrogen gas, to the exclusion of other gases, 
und therefore by heating the palladium barrier during operation, a 
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Diagnostic reports to hand hours earlier than they would be 
with manual processing and in far greater numbers—the 
release of a valuable t ician for other duties . . . these are 
the outstanding advantages of the Histokinette Automatic 
Tissue Processing machine. Once the Histokinette has been 
put into tion, it will without supervision go through the 
entire cycle of fixation, dehydration, impregnation in wax, 
or alternatively can be set up for the washing or staining of 
tissues. It can handle large numbers of specimens at the 
same time and while staff is off duty—speed up aimost any 
technique by ensuring quicker and more thorough penetra- 
dion by reagents. 


A 24-hour clock is fitted as standard. Change over 
to x hour or 7 day cycles (the latter of great value 
in double embedding and bone decalcification tech- 
niques) is simple and rapid. 


CHendrey Relays 


2 The 








Mistokinette 


stays on the job 


Write for illustrated brochure 


HENDREY RELAYS LTD., BATH ROAD, SLOUGH, BUCKS. 
MANUFACTURING ELECTRICAL ENGINEERS 
Sole Export Distributors : Measuring and Scientific Equipment Ltd., Spenser Street, London, $.W.! 





Histokinette 
special features 
include :— 





@ Up to 24 hours delayed start 
@ Double processing capacity 

@ One or more motor members and baskets 
@ Unbreakable tissue basket and containers 





The Hendrey Histokinette is in general use at home and overseas 
+ + to quote a few in U.K. . and some of our exports 


Aberdeen Edinburgh Newcastie- Argentine Eire Mexico 
Belfast Glasgow on-Tyne Australia Egypt New Zealand 
Birmingham Greenock Newport Belgium Finland Nicaragua 
Bristol Hereford Nottingham | Brazil France Norway 
Canterbury Liverpool Sheffield Canada Ghana S. Africa 
Cardiff Lianelly Swansea Ceylon Holland Singapore 
Dundee London Torquay Chile India Sweden 
Manchester China Israel Switzerland 
Cuba Italy Thailand 
Denmark Japan 


Tel. Burnham 609/61! 
CONTROL & LABORATORY APPARATUS 
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Picture by courtesy of Douglas Lawson, 
FALBP,F.RP.S, F.R.M.S, F.Z.S. 
Author of ‘The Technique of 
Photomicrography’ 


0.250 Kodak Metallographic Plates were used by Douglas 
Lawson, photographer for the Beecham Group, to take 
nine separate photomicrographs of the skin of a 


OF MOUSES 


mouse. His object was to discover the effects of an 
injection on the structure of the skin. So that Beecham 
scientists could examine the section from end to end 


in one complete picture, Douglas Lawson mounted the 


SKIN 


nine prints into a single line over-lap — just 
under four feet in length. 


0.250 ‘Kodak’ Rapid Ortho Metallographic Plates 
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book designed especially to cover its requirements. Dr. Gow, 
who in many years’ teaching has had considerable experience of 
the needs of students at this level, has now provided a course 
in Algebra, Co-ordinate Geometry, and the Differential and 
Integral Calculus, constructed with this new syllabus particularly 
in mind.”’ 
PROFESSOR D. C. PACK, M.A., D.Sc. 
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APPLIED MATHEMATICS 
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* The topics include virtually everything that an honours degree 
student is likely to require. The value of the book can be 
indicated by suggesting that it is a worthy member of the new 
series of Physical Science Texts so well edited by Sir Graham 
Sutton.”” Technology 40s. net each volume 
70s. net complete edition 


Write for Mathematics catalogue to: 


The English Universities Press 


102, Newgate Street, London, E.C.1. 





A GOWLLAND 
PRODUCT 





WATCHMAKER’S DOUBLE EYEGLASS 


This well-made and beautifully finished Eyeglass for Watch- 
makers and other fine mechanics has two optically worked 
lenses arranged to give a magnification of x 10 with a flat 
field. Its light weight, sharp image and high finish make it 
of exceptional interest. 

The lenses are separated by a rust-proofed spring and 
mounted in a screwed-together black non-inflammable 
moulding. They can readily be taken out for cleaning. 


Catalogue No. 235 Watchmaker’s Double Eyeglass x !0 
magnification, complete in cardboard box. 


Manufactured by 


GOWLLANDS LIMITED 


Morland Road, Croydon, Surrey 
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N recent months the adequacy of university 

teaching both in chemistry and physics has been 
challenged by competent authorities, and some sug- 
gestions made that could make more time available 
for critical thought and for the more general education 
fr which there have also been widespread and 
suthoritative calls. The recent report of the Advisory 
Council on Scientific Policy (see Nature, November 5, 
p. 435) was mainly concerned with a review, under- 
taken at the specific request of the Minister for 
Science, of the balance of scientific effort in Britain, 
but the report also contains an important section on 
education in science. This likewise arose out of a 
request from the Minister for Science to consider the 
implications for science of the Crowther Report, and 
while the Council welcomed many of the recom- 
mendations in the Crowther Report, on questions of 
curricula, supply of teachers, and the raising of the 
school-leaving age in relation to the development of 
the proposed county colleges and the training of 
technicians, the experience of some of its members 
is at variance with the Crowther Committee’s recom- 
mendations. 

On the supply of teachers, the Advisory Council 
for Scientific Policy observes that on the figures at 
present available, the demand for teachers caused by 
reducing the size ef classes is much greater than that 
consequent on raising the school-leaving age, and in 
either event the number of science and mathematics 
graduates needed for school teaching does not greatly 
exceed the number likely to be obtainable on the 
Council’s present forecasts of scientific man-power. 
On the other hand, it points out that there may be 
difficulty in finding sufficient university teachers of 
quality in certain subjects, notably mathematics, to 
cope with the large increase in university population 
now proposed. Adequate provision in this respect is 
absolutely essential in universities if they are to 
produce the graduates required. Equally important, 
the Advisory Council points out that the desirability 
or otherwise of concentrating resources on raising the 
shool-leaving age is intimately bound up with the 
needs of education for industry, and especially with 
the need for technicians. These will be required in 
large numbers if we are to get the full benefit from 
the increased numbers of scientists and engineers we 
are now producing, and it could be urged that it is 
the more important to increase the numbers of tech- 





nicians quickly so as to secure the most effective use 
of the present limited numbers of scientists and 
technologists in industry, in Government service and 
in the universities. This point is borne out by the 
recent report from the Civil Service Commissioners 
for the year ending March 31, 1960; and as many 
of these technicians, and still more of the craftsmen 
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CO-OPERATION BETWEEN SCHOOLS AND UNIVERSITIES 
IN EDUCATIONAL DEVELOPMENTS 


on whom industry must depend, come from those 
who now leave school at fifteen, the Council suggests 
that a major extension of part-time education to the 
age of eighteen is more urgent than the raising of the 
school-leaving age. 

There is a note of confidence and authority about 
the Advisory Council’s whole report that should 
ensure that these suggestions are duly heeded, though 
it is surprising to find that the industrial members of 
the Council attach such value to evening classes as 
@ component of existing part-time education. The 
Advisory Council emphasizes the importance of the 
development of county colleges, which, with the 
technical colleges, would be the main instruments of 
the part-time education it recommends, and it urges 
that this development should be more rapid than is 
envisaged in the Crowther Report. The system of 
day-release, however, is not mentioned by the 
Advisory Council; but in addressing the British 
Association for Commercial and Industrial Education 
at Cambridge on September 23, the Minister of 
Labour, Mr. John Hare, gave industry a clear and 
emphatic warning of its own responsibilities for 
industrial training and the urgency of a problem to 
which, in spite of the establishment of the Industrial 
Training Council, many firms are giving insufficient 
attention. 

It is, however, on the question of the school science 
curriculum and specialization in schools that the 
Advisory Council is most forthright and authoritative. 
It has no doubt that school science curricula need a 
thorough re-examination. They tend at present to 
be unimaginative and to be overloaded with factual 
material, partly because new material is added with- 
out removing the old. It was suggested to the 
Council that up to 20-25 per cent of the content of 
the curricula in physics, chemistry and biology could 
be removed with advantage rather than detriment, 
and in particular a new approach is needed to the 
teaching of biology. The Advisory Council suggests 
it should be treated as a comprehensive discipline in 
its own right, with a bearing on the teaching of 
geology and geography, and so taught, with much 
more field-work than customary at present, it should 
be an integral part of the junior- and middle-school 
curriculum for all pupils. 

The Advisory Council was, of course, fully aware 
of the extensive studies on the content of school 
science courses in the United States which the 
National Science Foundation has stimulated, and it 
understands that the Ministry of Education is already 
in touch with the Foundation. Science teachers at 
all levels could well support the Advisory Council in 
seeing that the closest possible contact is maintained, 
and in this connexion the possibilities offered by 
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sound broadcasting and television should be fully 
and authoritatively explored. To these possibilities 
the Organization for European Economic Co-operation 
has already directed attention in its report, ““Teaching 
through Television’. 

The Advisory Council also considers that special- 
ization in schools has gone too far, and that here 
is to be found the origin of the so-called ‘gulf’ between 
scientists and non-scientists. It deplores the segre- 
gation of children in the middle school into groups 
according to the subjects they are to study in the 
sixth form, and believes that with the revision of 
science and mathematics curricula all middle school 
pupils should be able to study science without making 
undue inroads into other subjects. In its opinion, 
all pupils in the middle school should have the same 
general education, in which science should play its 
full part. It urges, in fact, exactly what Sir Cyril 
Hinshelwood suggested in addressing the Manchester 
Literary and Philosophical Society ; it rejects the 
idea that a few periods of general studies suffice as a 
leavening for the ‘science sixth’ or a few periods of 
general science for the others, and believes that 
curricula can be modified so that those who are 
primarily interested in science can continue a@ serious 
study of some other subjects and vice versa. 

Beyond this, there are signs of over-specialization 
in science itself in the sixth form, and as things stand 
at present the Advisory Council agrees with the 
Crowther Committee’s view that two science subjects 
may be all that a student should take at the Advanced 
Level of the General Certificate of Education exam- 
ination. Reduction of the factual knowledge de- 
manded in individual subjects and revision of cur- 
ricula in the manner already indicated would, 
however, permit a corresponding increase in the 
breadth of sixth-form education, and the Council 
believes this should be done. Further, it stresses the 
urgent need for schools and universities to get 
together to devise some method of awarding scholar- 
ships which will avoid the over-specialization and 
disproportionate effect on school curricula which at 
present arises from college scholarship requirements 
at Oxford and Cambridge, and it points out that, in 
view of the present considerable overlap between 
what a student is taught in science in his first year 
at the university and what he has already learned in 
his last year at school, many professors would wel- 
come a lower level of factual knowledge of their own 
subject in pupils entering the university if it were 
combined with a broader general education. 

While the Crowther Committee endorsed the prin- 
ciple of specialization, or study in depth, it did not 
necessarily support all existing practice, and in fact 
it pointed out that syllabuses in science need recon- 
sidering both subject by subject and together as the 
specialist curriculum of the science sixth. The Report, 
moreover, included some valuable suggestions for 
controlling premature specialization, and these have 
been welcomed by many headmasters. The present 
system of work has, however, since been challenged 
both in a report issued by the University of Oxford 
Department of Education based on an inquiry 
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financed by the Gulbenkian Foundation into “Apt, 
and Science Sides in the Sixth Form’*, and also jp 
one issued by the Secondary School Examination 
Council entitled ‘““The General Certificate of Education 
and Sixth Form Studies’’t. 

The Oxford report maintains that the present 
degree of specialization is greater than the Crowther 
Committee believed : it had evidence that nine-tenths 
of the working time of a sixth former is concentrated 
on either arts or sciences, and that in practice four. 
fifths of all pupils have to make an effective decision at 
14-15 between a scientific and a literary education, 
Further, this degree of specialization is not found in 
any comparable country, and has arisen from local 
historical causes and not from educational principles, 
The Crowther Report itself pointed out that university 
entrance requirements should not determine the 
nature of sixth-form work, but at present they do; 
and the Secondary School Examination Coungil’s 
report criticizes this university pressure even more 
strongly. In fact, it believes the pressure to show 
results in terms of examination achievement for such 
purposes as admission to a university has become so 
intense that specialization is carried to a point at 
which general education is in jeopardy. 

The main source of pressure is, in fact, the keen 
and growing competition to enter a university, and 
it is estimated that by 1965 the number of candidates 
for the Advanced Level General Certificate of Educa. 
tion examination will have risen from 83,000 in 1959 
to 150,000, although the planned expansion of 
university places in England and Wales for full-time 
courses is only from 22,000 to 32,000. The univer- 
sities certainly need an examination which does not 
simply measure a pupil’s achievement at school, but 
also offers some guidance on a pupil’s potential for a 
university course, and especially for an honours 
course; and the Advisory Council, besides recom- 
mending the revision of Advanced Level syllabuses to 
reduce their factual and memory content, suggests 
that if a revised examination is introduced the 
universities might make it optional rather than 
obligatory to have three passes at Advanced Level. 
This pressure may well be the more serious if, as 
Prof. R. A. C. Oliver, for example, believes, the 
number of sixth formers not going on to universities 
greatly increases. Prof. Oliver himself believes that 
the present Advanced Level examination is detri- 
mental to the university entrant, because it requires 
him to present his credentials exclusively in terms of 
his two or three specialized subjects. The whole 
implication of Dr. James Taylor’s presidential address 
to Section B (Chemistry) at the Cardiff meeting of 
the British Association supports the argument of 
Prof. Oliver and those with him. The increasing 
scope of the scientist’s work in industry means not 
simply that chemistry alone is not enough but also 
that an adequate broad general education is essential ; 
and time must be found for this, both in school and 
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* Arts and Science Sides in the Sixth Forms. (Oxford Univ. De 


partment of Education, 1960.) 2s. 6d. 

+ Examinations in Secondary Schools. Third Report. The Gener 
Certificate of Education and Sixth Form Studies. (London : H.M.3.0 
1960.) 28. 6d, 
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, university, if men and women competent to meet 
he needs of industry itself are to be provided. 
Yoreover, as already noted, it is not simply scientists 
nd technologists who are needed, but also, and in 
wen greater numbers, technicians and craftsmen, 
md one consequence of the present educational 
ystem is the tendency to under-value craftsmanship, 
seven, as Sir Cyril Hinshelwood has emphasized, to 
jivert some with potentially first-rate manual skill 
nto becoming second- or third-rate intellectual 
sorkers. Manual skill, Sir Cyril insisted, is in many 
rays as worthy of respect as mental agility. Tech- 
wlogy involves both, and is not to be thought less 
beral than fundamental science if approached in a 
iberal spirit, any more than the sciences are to be 
jeemed less liberal than the arts. 

In saying this, Sir Cyril had launched a devastating 
ittack on the artificial barriers often set up between 
the arts and the sciences, urging that in all the arts, 
and in all the sciences, full satisfaction is only reached 
by the pract ice of creative effort, realized through 
the medium of a technique, painfully and elaborately 
aquired and involving natural aptitude. No educa- 
tional system can be regarded as satisfactory which 
does not permit due account to be taken of such 
natural aptitudes, but the whole tenor of the 
address which Sir Cyril Hinshelwood gave to the 
Manchester Literary and Philosophical Society implies 
not simply the basic importance of a broad general 
education but also the practicability of such an 
education being given side by side to those seeking 
to specialize in the arts and in the sciences up to an 
advanced stage, provided the extent to which the 
arts and the sciences make similar demands on 
observation and experiment, imagination and creative 
powers is properly recognized. It is a matter for 
both school and university, and a solution will not 
be found except by close co-operation between them. 
Unfortunately, this did not appear to be recognized 
adequately in the discussion on the education of 
scientists at a meeting of Section L (Education) at 
the British Association meeting in Cardiff, except 
possibly in Sir Patrick Linstead’s address. Prof. 
M. W. Thring, it is true, challenged the idea that the 
humanities are superior to pure science, or the latter 
to technology, and maintained that the broadening 
of education by informal methods is a vital part of 
the training a university should give. He directed 
attention, moreover, to the influence which the school 
teacher has on the choice of a career, and the con- 
sequent handicap under which technology is placed 
since so few of those trained in technology teach in 
the schools. This is, in fact, a particular aspect of a 
problem on which a study group set up in 1958 by 
the Nottingham County Education Committee and 
the East Midlands region of the Institute of Per- 
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sonnel Management has commented strongly: the 
group was seriously perturbed by the danger of 
‘remoteness’ of the student teacher and his/her tutor 
from the general industrial life of the community. 
Prof. Thring was particularly concerned as to how 
we could show our ablest schoolboys that applied 


science is worthy of their talents, and could offer 
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them a fascinating and satisfying career. This problem 
is not solved by the establishment of more colleges 
of technology, and it was not really considered by 
Dr. J. S. Tait in his paper, although he recognized 
the value of the time which the students are required 
to spend in industry and, like Prof. Thring, he 
referred to the importance of some research in tech- 
nology. Dr. Tait’s reference to the fostering of 
interest in the humanities was rather superficial, but 
Sir Patrick Linstead gave a preliminary account of 
the inquiry conducted by a special committee of the 
British Association, with the aid of a grant from the 
Leverhulme Trust, into the means of broadening the 
education of the graduate scientist, and this inquiry 
covers the whole range of education from school to 
university. 

Both schools and universities have important but 
different formal parts to play, but Sir Patrick did 
not refer to co-operation between them or the way in 
which the adverse effect of university pressure on 
the schools could be reduced. More time for minority 
subjects in the sixth forms was recognized as one 
essential step, and once again the need for some 
reduction in the factual content of university courses 
and deflexion towards the study of general principles 
is recognized. Other suggestions at the university- 
level included greater attention to those non-scientific 
subjects which arise naturally out of the special 
subjects, such as the history of scientific thought and 
method and the use of English; the provision of a 
wide range of cultural events, on an organized but 
not compulsory basis ; and the generous provision of 
amenities, such as libraries, halls of residence and 
beautiful surroundings. 

The importance of early and decisive co-operation 
between the schools and the universities can scarcely 
be over-stressed, and there is no more important 
recommendation in the report of the Advisory Council 
on Scientific Policy than the one to that end. It is 
essential that the full implications of such a step 
should be faced, and appropriate measures devised 
to avoid the detrimental effects of the present system 
of awarding scholarships before and not after the 
present plans for university expansion are worked 
out in detail. It bears closely both on the question 
of general education and the quality of the graduates 
in science and technology which we produce, and on 
the use we make of them. In his recent book on 
American education, ““The Child, the Parent and the 
State’’*, Dr. J. B. Conant emphasized the way this 
question of effective use of the trained scientist or 
technologist determines the answer to the question 
of how many scientists and technologists we should 
be training, though it is only fair to recognize that 
the Crowther Committee also referred to it, particu- 
larly in respect of the use of sixth-form teachers. 

Such questions are the more important in view of 
the mounting cost of education, and it may well be 
doubted whether all those who are advocating 
university expansion so strongly appreciate how much 
By Dr. James Bryant 


Harvard University 
288. net. 


* The Child, the Parent and the State. 
Conant. 
Press ; 


Pp. vi+211. (Cambridge, Mass. : 
London: Oxford University Press, 1959.) 
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it will cost aad what is involved in willing the means. 
When Dr. Conant writes, of the American scene, that 
a climate of opinion must be created which brings 
forth in each young person a strong desire to do his 
or her best in school, he refers to a condition no less 
essential in Britain, as well as to what could well be 
another compelling reason for reform of curricula. 
He is equally aware of the importance of the tech- 
nician, and, like Sir Cyril Hinshelwood, stresses the 
vital need for seeing that full opportunity is given for 
the expression of manual skills with intellectual 
skills in a whole spectrum of occupations. 

Here, and when he refers to the need for an en- 
lightened, public-spirited and stable electorate for 
fostering the development of a critical judgment 
regarding those who handle affairs of government, Dr. 
Conant touches on matters which need serious con- 
sideration in the planning of our educational institu- 
tions at the school- and the university-level alike. 
Indeed, he goes so far as to suggest that how to 
develop intelligent discrimination in future voters is 
one of the most challenging educational questions 
facing those responsible for social studies in schools. 
Be that as it may, Dr. Conant indicates a further 
decisive reason for a broad general education both in 
school and in university ; but it is difticult to imagine 
a more authoritative lead in that respect or firmer 
warning as to the dangers and waste which continued 
excessive specialization in schools is liable to cause 
than that which has now come from the Advisory 
Council on Scientific Policy. The Minister for Science 
can scarcely do less than ensure that the Minister of 
Education takes action on his side, and that the 
University Grants Committee takes any initiative 
required. There is indeed ample evidence that in- 
dustry, the universities and other potential employers 
attach greater importance to this question of general 
education and look with disfavour on excessive and 
premature specialization. This, as the Crowther 
Committee recognized, is likely to be the decisive 
factor in leading schools and pupils to take seriously 
the work done in minority time ; but this by itself is 
not enough. It is to be hoped that the Advisory 
Council on Scientific Policy’s recommendations may 
stimulate the coherent and properly phased pro- 
gramme of development, not simply for the schools 
but also for the universities, that is essential if 
educational expansion is to be adequate in scope 
and not to entail waste of precious resources. 


THE COMPETITION FOR RURAL 
LAND 


Agriculture and Urban Growth 

A Study of the Competition for Rural Land. By Dr. 
G. P. Wibberley. Pp. 240+8 plates. (London: 
Michael Joseph, Ltd., 1959.) 21s. net. 


OR each head of population the land surface of 
England and Wales represents less than 0-8 acre— 
land of all sorts and for all purposes—against a world 
average of more than 12 acres. The figure is increased 
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only to 1-1 if Scotland is included and Britain ¢op. 
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sidered as a whole. Not only is the population jy, 
Britain continuing to increase by about 200,000 , 
year but also our standard of living is rising, and th. 
movement is constantly to the towns. Back-to. 
back houses in our industrial towns have become 
almost a thing of the past: the demand is for , 
more spacious layout of homes. As we approach 
the ideal, questionable though it may be, of one 
car per family, the demand for bigger and better 
roads becomes more insistent. There is the growing 
clamour for recreational areas: the desire to get 
away from the noise and congestion of the city 
—with a consequent invasion of the countryside, 
which may easily destroy the very qualities tha 
render it attractive. At the same time there is the 
growing realization of the need to preserve some rural 
areas inviolate if the native fauna and flora of Britain 
are to survive, hence the work of the Nature (Cop. 
servancy and the establishment of a varied range of 
Nature reserves. 

It would seem obvious that the whole cake jg go 
small that few demands on it can be satisfied in full, 
and that the only solution is an overall town and 
country planning. This indeed was the reason for the 
establishment of a Ministry of Town and Country 
Planning in 1943, for the Town and Country Planning 
Act of 1947, and for the Acts which have followed. 
Despite the laudable objectives, it has proved very 
difficult to get a calm, objective view of land planning; 
to some the very word is anathema, and arguments 
between the exponents of this policy or that are very 
liable to induce heat. It is precisely because Dr, 
Wibberley’s book is a calm assessment of the facts, 
involving a very considerable amount of research by 
his team (especially R. H. Best and J. T. Ward, who 
might almost be named as joint authors) and himself 
at Wye College, that it is both a valuable and an 
opportune contribution. He has been accused by 
some as a ‘master of brinkmanship’ ; in reality that 
is praise indeed, for he brings his readers to the brink 
where they can see the whole position. Which way 
they plunge is then their decision, and it is interesting 
to note how the exponents of most diverse views are 
finding ammunition in Wibberley’s figures. 

The expansion of towns into the country and the 
consequent loss of rural land is inevitable, but the 
rate of loss is important. The only reasonably com- 
plete official statistics of land use that we have in 
Britain are those collected by the Ministry of Agri- 
culture, based on the returns made every June 4 by 
holders of agricultural land exceeding one acre in 
extent. As the years have passed the returns have 
become steadily more complete and more accurate. 
Apart from the difficulty of definition, there have been 
no con:.parable statistics of urban land. The area of 
‘urban land’ has been ascertained by subtracting 
rural land, for which returns exist, from total area. 
Thus, for obvious reasons, the Joss of agricultural land 
during 1900-1950 is more likely of the order of 
2,250,000 acres than the 1,130,000 acres which official 
figures suggest (p. 58). The only direct measure of 
‘urban land’ is that carried out by the Land Utilisa- 
tion Survey of Britain during 1931—33, when the use 
of every piece of land was recorded on 6-in. maps. 
The accuracy of the Survey’s figures is only limited 
by the scale on which the calculations were made— 
on the published one-inch maps—since the question 
of definition does not arise. What was, or was not, 
included in the various categories can at once be seen 
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fom the published maps ; if necessary the original 
j.in. maps can be consulted. Wibberley expresses 
ame surprise that from other evidence he finds these 
ggures reasonably correct! Such is the strict disci- 
ine of the map, they could not be otherwise. 

In general Wibberley accepts the estimates that 
‘new urban developments and special uses are likely 
to require between 500,000 and 700,000 acres... 
mainly on the better farmlands of the lowlands’, 
iefore 1971 (p. 58) and he is concerned with the 
replacement of agricultural production thus lost. He 
yrites as an economist, and although he finds the 
value added by the land alone in Britain—the input- 
output ratio—is only of the order of £4 per acre per 
amnum, and would seem to suggest that farming as a 
hole is scarcely worth while, he has some interesting 
calculations. If land is worth only £30 an acre and 
is devastated by mineral working, any expenditure 
in excess of £30 an acre in restoration is not economi- 
cally justified—so runs the old argument which 
conveniently ignores the lessons of two world wars. 
It is certainly an advance when Wibberley argues that 
a capital expenditure of up to £165 in ‘general 
intensification of agriculture’ (1955-56 values) for 
each acre lost to building is justified on economic 
grounds. 

Undoubtedly, the real value of the book lies in the 
ammunition provided by an economist in favour of 
the conservation of the resources of the better types 
of land in the lowlands rather than in the attempt to 
replace acreage lost in the lowlands by heavy expendi- 
ture in the highlands. L. DupLEyY STAMP 
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CUSTOM AND MYTH 


Folkways 

A Study of the Sociological Importance of Usages, 
Manners, Customs, Mores, and Morals. By Prof. 
William Graham Sumner. Pp. vii+692. (New York : 
Dover Publications, Inc.; London: Constable and 
Co., Ltd., 1959.) 2.49 dollars; 20s. 


T is not altogether easy to understand why this 

book has been reprinted. First published in 1907, 
it beeame a highly influential work in the United 
States and the basis of the author’s “Science and 
Society’”’ which, written with the help of A. G. 
Keller, did not appear until much later. 

Prof. Sumner had a varied career. Educated both 
in the United States and in Europe, he was at one 
time an episcopal clergyman and then was appointed 
professor of political and social science at Yale. He 
became interested in the theories of Spencer and 
Lippert, and came to believe that what he called 
‘mores’ and ‘folkways’ had had a far greater influence 
than had hitherto been believed. By ‘mores’ he 
meant that vast system of usages which cover the 
whole of life, containing within themselves their own 
justification of tradition and approved by mystic 
sanction, thus developing into principles of truth and 
tight. They defined the limits which made anything 
Tight’: they covered manners with a mantle of 
current custom. It is thus that the folkways arise 
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and are gradually converted into the mores. 

In developing his theories and _ illustrating his 
thesis, Sumner was making a systematic study of 
various anthropological and sociological records, and 
this book is in essence a collection of his notes and 
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memoranda which were meant to be incorporated 
later into a more ambitious work. Strongly influenced 
by Darwinian teaching and the doctrines of laissez- 
faire, Sumner was a powerful exponent of individual 
effort, and he regarded all such ideas as those inherent 
in liberal socialism as an interference with natural 
laws. To Sumner the most important factors in the 
science of society are the folkways, which control 
both individual and social undertakings and nourish 
philosophical ideas generally. He does not consider 
them organic or material. Rather they belong to a 
super-organic system of relations, conventions and 
institutional arrangements. 

As a work of interest to the historian of sociological 
research the book has long been esteemed in the 
United States, but its lack of sustained treatment 
and the date at which it appeared have now con- 
siderably lessened its value to the practical socio- 
logist. E. J. DINGWALL 


THEORY OF ELECTRIC CIRCUITS 


Electric Circuit Theory 

By Dr. F. A. Benson and Dr. D. Harrison. Pp. 
viii+371. (London: Edward Arnold (Publishers), 
Ltd., 1959.) 30s. net. 


HIS book will be welcomed by students of all 

colleges having a syllabus in electric circuit 
theory corresponding closely to that of the University 
of Sheffield, for here will be found all the material 
necessary for their examinations together with 
an adequate number of numerical problems and 
answers. 

The authors cover d.c. and a.c. circuits, with a 
collection of useful network theorems, transformers, 
rotating machine circuits and thermionic valve cir- 
cuits; and claim that their book is one of the few 
that covers light-current and heavy-current circuit 
applications in one volume. The space devoted to 
light-current applications is, however, very much 
greater than that allowed for the heavy-current 
problems, but in spite of this all reference to tran- 
sistors has been omitted. The authors justify this on 
the grounds of the necessity to kee the book to a 
reasonable size, but to many readers it would have 
appeared preferable to omit some of the more 
advanced material to make room for at least an 
outline of transistor theory. 

The book, although well written, is curiously un- 
even. No doubt this arises from the authors’ efforts 
to base parts of the work on the standard required 
for first-year students and part on the standard for 
second-year students. This variation of standard is 
particularly evident in the circuit theorems, some of 
which are proved and others stated without proof. 
Yet by the end of the second year all students should 
be able to prove all the circuit theorems of which 
they make use. Thus, no proof is given that an 
active four-terminal network may have four inde- 
pendent parameters while a passive four-terminal 
network has only three, but the authors find space 
to give two proofs of the star-delta transforma- 
tion. 

There are a number of minor imperfections in the 
work, which are little likely to worry the average 
student, but could well be amended in a future 
edition. It would be wearisome to list all these, but 





614 


a few can be mentioned. The reference to super- 
conduction should either be omitted or made more 
accurate, even at the expense of a few more lines of 
description. Resistance alloys should be described 
by composition rather than by trade names. Im- 
pedances should not be described as vectors, and the 
special interpretation of the meaning of vectors when 
applied to sinusoidally varying quantities should be 
stressed more heavily. 

Students usually have considerable difficulty in 
dealing with the sign in problems involving mutual 
inductance. ‘The treatment here is somewhat per- 
functory, and an expansion together with a diagram 
showing clearly the direction of winding of coils, the 
direction of currents and of voltages, would be of 
great assistance to them. 

The setting of the type is generally good and only 
a few errors, none of great moment, were observed. 
There is, however, an excessive use of the solidus in 
the equations throughout the book, and this makes 
reading difficult. A. H. M. ARNOLD 


SCIENCE AND LIBERAL 
EDUCATION 


Science and Liberal Education 
By Dr. Bentley Glass. (Davis Washington Mitchell 
Lectures—Tulane University.) Pp. x+115. (Baton 
Rouge: Louisiana State University Press, 1959.) 
3 dollars. 
FT HIS book is based on the Davis Washington 
Mitchell Lectures given by Bentley Glass at 
Tulane University. Of the three lectures, one only, 
the second, deals with the subject the title of which 
is given above. Prof. Glass’s primary research and 
teaching interests are concerned with genetics and 
especially with the influence of radiation on human 
heredity. In this connexion he serves as an adviser 
to the Atomic Energy Commnission and as a member 
of the National Academy of Science’s Committee on 
the Genetic Effects of Atomic Radiation. He is well 
known in the United States for his ability to interpret 
to the public significant aspects of genetic research. 

His first lecture concerns genetics in the service of 
man. Prof. Glass’s style is popular in the best sense 
of the word—he does not sacrifice the dignity and 
scholarship of the science for an easy, superficial 
appeal. The lecture is devoted to the genetics of 
plants in relation to their food value and the genetics 
of animals and man in relation to disease. After 
touching on the effects of radiation on mutation- 
rates, Prof. Glass considers the future of the human 
race in relation to population control and limitation, 
and he stresses the difficulties rather than the solutions 
of the matter. 

His essay on liberal education in the scientific age 
is worth expansion into a whole book. It may be 
summarized in his own words: ‘Science, in ever 
greater measure, must permeate the study and 
teaching of each of the arts, humanities, and studies. 
These, on their side, must mollify, enrich and protect 


the sciences”. This may appear to be trite, because 


it is so often said by educationists to-day ; but, in 
an engaging manner, Prof. Glass is able to add some 
new and interesting ideas to this important and 
topical problem. 

The third and last essay, which deals with Dar- 
is equally 


winian evolution and human _ values, 
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brilliant. There is a short, critical review of the 
present position of Darwinism in the larger sphere of 
evolution. There is much in common in these Canays 
with Prof. Peter Medawar’s Reith Lectures, and jn 
the work here considered it is interesting to observe 
the different approach with its piquant American 
flavour. W. L. Sumyzp 
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THE AGEING INDIVIDUAL 
Handbook of Aging and the Individual 


Psychological and Biological Aspects. Edited by 
James E. Birren. Pp. xii+939. (Chicago: Univer. 
sity of Chicago Press ; London: Cambridge Univer. 
sity Press, 1959.) 12.50 dollars; 100s. 


FT HIS enormous volume is symptomatic of the 

growing interest in and research on the topic of 
ageing in the United States. The first of three hand. 
books aiming at summarizing all that is known to-day 
about the problems of human ageing, the present 
work, edited by Dr. James E. Birren of the National 
Institute of Mental Health, Maryland, is concerned 
with the psychological and biological problems of 
the ageing individual. It is to be followed by two 
volumes on social gerontology. 

Primarily a work of reference, and intended as a 
definitive secondary source of data, the handbook 
succeeds :n compressing a vast amount of information 
on almost every conceivable aspect of human ageing 
—biological, morphological, neurophysiological, neuro- 
chemical, genetic, pathological, environmental and 
psychological (with perhaps a major emphasis on the 
psychological). The editing has been well done: 
there is no undue overlapping between the contribu- 
tions of the thirty authors, and the standard is in 
general first rate. Although there is inevitably a 
good deal of padding in the form of general back- 
ground material not specifically concerned with 
ageing, this can perhaps be justified in a work 
designed to be of use to workers trained in quite a 
variety of different disciplines. 

In two respects the book is more than compilation, 
and is likely to be of first-hand interest to geron- 
tologists. First, it discusses perhaps more thoroughly 
than has been done before the fundamental principles 
and methodology of the study of ageing. Secondly, 
by reason of the very completeness of its coverage, 
it points to gaps in knowledge and suggests areas 
urgently needing more research. The book, in any 
event in parts, has a stimulating and suggestive qual- 
ity that is not too common in synthetic productions 
of this kind. No doubt the editor, Dr. J. E. Birren, 
is largely responsible for this, and his own contribu- 
tion on “The Principles of Research on Aging” with 
which the book opens is a particularly valuable one, 
discussing both the special problems of research 
design encountered in the study of ageing, and some 
of the fundamental theoretical issues involved in the 
concept of ageing. Some of these issues are taken up 
in the two succeeding chapters on time and ageing 
by Reichenbach and Mathers, and biological periodi- 
cities by Landahl. Ageing is a process closely con- 
nected with the passage of time, and Birren and his 
collaborators may well be right in thinking that 
the systematic theoretical foundations of ageing 
research have their foundations in the theory of time. 

L. S. HEARNSHAW 
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THE story of Canadian aviation, an important 
| chapter in Canada’s national development which 
nany Canadians have embellished with their dis- 
jnctive contributions, is presented in the new 
National Aviation Museum at Ottawa. 

The National Aviation Museum, situated in the 
ww Uplands Air Terminal, was opened recently by 
the Hon. J. Angus MacLean, Minister of Fisheries. 
Through the displays, visitors can trace the progress 
f Canadian aviation from the experiments of the 
pioneers in the early 1900's to the complex jet and 
reket developments of present time. 

The basic theme of the Museum is “Canada’s 
(ontribution to Aviation, and Aviation’s Contribu- 
tion to Canada’’. To carry out this theme, reliance 
could not be placed on the display of historical items 
alone. These relics of the early days of the aviation 
have been placed mostly in the primary display area, 
which is concentrated on the pioneering days of 
fight in Canada. The rest of the displays are of the 
didactic type, using photographs, models and selected 
samples of actual aircraft and aviation parts, instru- 
ments, accessories and equipment to portray the 
story of civil aviation in Canada. 

There are nine distinct sections to the Museum. 
From the pioneer section visitors pass to the area in 
which the development of piston-engines, navigation 
instruments and electronics is presented. The next 
area illustrates aviation’s supporting services—air 
traffic control, airport construction, weather, aviation 
medicine, communications, maintenance and over- 
haul, search and rescue, and the radar detection 
chains in northern Canada. The operations section 
ilustrates the development of commercial airlines 
and the use of aircraft in photography, mapping, 
geological survey, forest fire fighting, insecticide 
spraying, and communications. 

The sections dealing with jets, rockets and research 
demonstrate the increasing complexity of aircraft 
design and the extent to which aeronautical research 
has expanded. Two other sections follow, one showing 
some of the development of the aviation manufac- 
turing industry, and the other the extent that the 
demand of aviation for new techniques and materials 
has encouraged the development of Canadian industry 
and made the country less dependent on imports of 
mamifactured articles. 

One rather novel feature is a ‘children’s museum’, 
where much thought has been given to making the 
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displays interesting and attractive to children. Here 
young visitors can learn to identify the parts of 
aircraft and understand their function, and play with 
mall plastic aircraft models on a toy landing field. 

One full-sized aircraft, displayed in another part 
of the building, forms part of the Museum. This is a 
flying replica of the Silver Dart, the machine built on 
Cape Breton Island by the unique aeronautical 
research group of Canadians and Americans led by 
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the inventor of the telephone, Alexander Graham 
Bell. The Silver Dart made the first flight in Canada— 
and the first flight by a British subject in the Common- 
wealth—in February 1909, with a Canadian pilot, 
J. A. D. McCurdy, at the controls. This historic 
aircraft was duplicated, with a few practical modi- 
fications, by L.A.C. Lionel McCaffrey and other air- 
men of the R.C.A.F. and flown by W/C Paul Hartman 
at Cape Breton Island in February 1959 in a re- 
enactment of the first flight. 

Although space limitations prevent the display of 
other full-sized aircraft, models of Canadian aircraft 
types have been provided by British, Canadian and 
American manufacturers for display in the Museum. 
The 1/24 scale, as followed in the Science Museum 
at South Kensington, has been adopted as the 
standard for the aircraft models, though many of 
the models given or lent to the Museum are of other 
scales. 

The Museum attempis to provide a clear and com- 
prehensive presentation of aviation in Canada within 
the limitations of a small area. It is remarkably 
complete and contains many individual items of great 
interest. Among these are a ‘mock-up’ of the 
Canadian-developed Velvet Glove air-to-air missile, 





Fig. 1. The original Silver Dart engine and a model of the aircraft 
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Fig. 2. Model of the Dew Line activities and aircraft used in supplying stations 


controllable-pitch propellers invented by the New 
Brunswick pioneer Wallace R. Turnbull during 
1923-27, an operating model of the early wind-tunnel 
used at the University of Toronto in the 1920's, and 
a steering wheel from the British airship R-100. In 
appearance, the Museum gains variety by using dis- 
tinctive colours and surface textures to identify the 
display areas, and by arranging the walls in an 
irregular pattern. 

In keeping with the technological atmosphere of 
the Museum, some individual displays can be set 
into operation by the public. Repeaters provide a 
recorded sound narration in French or English to 
explain the more technical aspects. Among these 
operating exhibits are demonstrations of the effect of 
changes in atmospheric pressure on sparking plugs, 
and of the contrast of photoelastic stress between 
large radii and sharp angles. 

The National Aviation Museum of Canada has been 
a long time in the making. A start was made as early 
as 1929, when J. H. Parkin, now senior consultant 
to the Division of Mechanical Engineering of the 
National Research Council, brought a number of 
aircraft engines and models of wind tunnels to the 
National Research Council. In 1932 the Council set 
up a small aeronautical museum, devoted chiefly to 
engines, in the basement of one of its Ottawa build- 
ings, but this museum was closed early in the Second 
World War. 

Fortunately, the rare items from aviation history 
that had been collected were stored and well 
preserved through the years. In 1956 an Associate 
Committee of the National Research Council was 
formed, with General A. G. L. McNaughton as chair- 
man, to study the problems of creating a National 


Aviation Museum. Much stimulus was provided by 
the National Co-ordinating Council for the Golden 
Anniversary of Flight in Canada, a group repre- 
senting aeronautical and flying associations and 
organizations which planned the 1959 anniversary 
programme. 

The National Aviation Museum was established 
with funds provided by the Canadian Government 
and with funds or displays given by many firms in 
Canada, Great Britain and the United States. The 
National Research Council collection served as the 
nucleus of the Museum, and this material was assem- 
bled with the new donations into an organized 
museum by the staff of the Engine Laboratory, 
Division of Mechanical Engineering, National Re- 
search Council, under the direction of its chief, 
M. 8S. Kuhring. 

Although the National Aviation Museum is 
designated as the first unit of a Canadian Museum 
of Science, it will be some years before permanent 
accommodation is provided. As a temporary measure 
the Museum is suitably located at Ottawa in the new 
Uplands Air Terminal. From the windows of an 
observation room which occupies one corner of the 
Museum, aircraft can be observed landing and taking- 
off from one of the busiest of Canada’s airfields. Ait 
travellers may also enjoy the experience of visiting 
this unique aviation museum while waiting for their 
flights. 

The National Aviation Museum is administered by 
the Department of Northern Affairs and National 
Resources, the Federal department which administers 
the National Museum of Canada, the Canadian Wart 
Museum, and a number of small historical museums 
throughout the country. 
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T the Cardiff meeting of the British Association 

for the Advancement of Science on September 1, 
Or. G. S. Carter, of the Department of Zoology, 
University of Cambridge, set the stage in his presi- 
dential address on “Tropical Climates and Biology” 
to Section D (Zoology) for a session on the importance 
of the tropics to zoology. In the session Dr. Carter’s 
address was followed by a 4% on evolution within 
the tropical belt by Prof. J. E. Webb, of University 
(ollege, Ibadan, Nigeria, and ie another on tropical 
fsh communities by Dr. Rosemary McConnell (née 
lowe), lately of East Africa and now fisheries research 
(ficer in British Guiana. 

Dr. Carter began by relating that when he was 
young he was told by his elders that a zoologist’s 
aducation was not complete until he had visited the 
tropics and worked on a tropical fauna with its rich- 
ness and variety of animal life. He believed that this 
is still true to-day although not, perhaps, for quite 
the same reasons that led our predecessors to think 
#. The richness and variety still remain largely 
unexplored, but we have come to realize that results 
of work in the tropics are frequently of great general 
interest to the biologist and may not be such as might 
be expected from knowledge of the biology of tem- 
perate climates. 

Both Dr. Carter and Prof. Webb stressed the 
importance of climate in determining the fauna and 
flora of a region, and showed that the most unchang- 
ing of all land climates is to be found in the forests 
of the humid tropics. Temperate climates, although 
more moderate in regard to average temperature, 
in fact have greater seasonal and diurnal variation 
in this respect than the humid tropics, and thus 
present a more stringent environment for animal and 
plant life. In the tropics rainfall is more important 
than temperature in determining differences between 
environments, for the regions of high rainfall are 
covered by forest that gives way to grassland or 
savanna of increasing dryness in areas of low precipita- 
tio and this in turn to desert. Prof. Webb showed 
that the boundaries of the vegetational zones in 
Nigeria are related not so much to the amount of the 
rainfall but to the relative length of the dry period in 
each year. More accurately it may be said, as Dr. 
Carter pointed out, that the nature of the environment 
iscontrolled by the proportion (//g) of the gain of water 
to the environment to its loss, not only in evaporation 
and run-off but also in transpiration from the vegeta- 
tion and percolation into the soil. In the rain forests 
the value of l/g is of the order of 0-2, so that much 
of the water flows off the land and the environment is 
humid. In deserts, l/g may be as high as 200 and in 
savanna it is probably often near unity. This ratio l/g 
also controls the diurnal and annual ranges of tempera- 
ture which are low in humid environments and high 





in the desert. 

Dr. Carter mentioned several examples of work on 
tropical biology that has given results not to be 
expected from our knowledge of the temperate 
regions. In tropical swamps—an environment from 
which vertebrates and probably many other terres- 
trial animals almost certainly emerged from water 
on to land—the water is for all practical purposes 
stagnant. The content of nutrient salts in these 
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swamps is often high, and at first sight it would be 
expected that the phytoplankton would be plentiful, 
but, in fact, both animal and plant plankton are 
sparse. It seems that the failure of the phytoplankton 
to grow is due partly to the shallow penetration of 
light into the shaded and highly coloured water, and 
partly to the low concentration of dissolved oxygen 
in the water at levels less than 5 per cent saturation. 
Dr. Carter suggested that the low concentration of 
oxygen might be a result of the absence of photo- 
synthesis together with a lack of overturn of the 
layers of the water. Under conditions giving rise to a 
steep temperature-gradient from the surface down- 
ward with the surface 8-10 degrees C. higher than 
water at 12-18 in. depth, the water becomes perman- 
ently stratified, the lower layers receive no oxygen 
and in parallel come to contain a high concentration 
of free carbon dioxide, up to 70 c.c. per litre, which 
cannot escape by diffusion. This is, therefore, a very 
difficult environment for animals, and all the fauna 
shows adaptation to life in a deoxygenated habitat 
and has developed accessory breathing organs and the 
like. A study of this question of permanent stratifica- 
tion in shallow tropical waters is clearly important 
for their future economic development. 

Equally unexpected results have been given by 
work on the sulphur content of tropical fresh waters 
in Africa by Beauchamp (Nature, 171, 769; 1953), 
where its lack appears to be a limiting factor in 
the growth of the aquatic fauna. It seems that 
the sulphur is absorbed from the water of the 
lake by the planktonic fauna and flora and carried 
down to the mud in their dead bodies so that the 
water becomes denuded of sulphur. In the mud 
the organic sulphur compounds are preserved without 
breakdown even for the several thousand years 
required for the deposition of 10-15 m. of mud. 
Plants rooted in the mud are able to absorb sulphur 
from this store, which is apparently the only means 
whereby the sulphur can be carried back into the 
water. Lake mud can thus be used to improve the 
fertility of tropical soils and fish ponds. 

The control of seasonal rhythms of reproduction 
and migration in tropical animals is not easy to under- 
stand when the changes in climate are slight, yet 
periodicity of these kinds has been demonstrated in 
@ wide range of equatorial animals. It may be that 
these rhythms are at least in part endogenous, but it 
seems there must be some environmental stimulus, 
physical or other, that controls their periodicity 
even though we cannot always define it. Clearly this 
is a subject on which further work is needed. 

Dr. Carter ended with the problem of how small 
mammals are able to satisfy their needs for water 
under desert conditions without drinking and at tem- 
peratures as high as 54°C. This has been studied by 
B. and K. Schmidt-Neilson (“Biology of Deserts’’, 
Inst. of Biology, London, 1954). It is quite impractic- 
able for the body temperature of a small mammal in 
the desert to be controlled by sweating, and accord- 
ingly sweat glands are reduced. In this case the water 
balance of the animal is achieved by a reduction of all 
forms of water loss from the body, utilization of 
motabolic water, the eating of plants absorbing 
dew deposited during the cold desert nights and 
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sheltering in a burrow during the day. It is evident 
that this is one complex physiological problem of 
which there are many in regard to tropical animals. 

Prof. Webb remarked that for more than a century 
the distribution of animals had been viewed mainly 
from the point of view of the zoogeographical regions, 
none of which is exclusively tropical, and that the 
fauna and flora of the tropical belt as compared with 
the temperate and arctic regions had escaped detailed 
geographical analysis. The tropical belt, however, has 
a physical basis and unlike the zoogeographical 
regions must have existed for longer than life itself. 
An estimate based on the distribution of species in a 
representative sample of groups of land and fresh- 
water animals suggests that at least 70 per cent of 
the world’s land species occur in the tropics and there 
is evidence that this is also true for land plants and 
marine organisms. Moreover, for tropical land 
animals and plants, an analysis of distribution 
suggests that not less than 50 per cent of these are 
found in the forest, most of the remainder being 
savanna forms. Relating these figures to the areas 
of the Earth’s surface involved we find a density 
of species in the tropical forest at least three times as 
great as in savanna and six times that of the temperate 
region. Thus the number of species is high in the 
tropical forest and falls more or less progressively 
with increasing biological stringency of the environ- 
ment through the tropical grasslands to the desert, on 
one hand, and from the tropics as a whole through the 
temperate to the polar regions on the other. This 
applies to species but not necessarily to higher 
taxonomic categories, such as the genus and the 
family where the numbers represented in the tropics 
may be less than elsewhere. Nor does it appear 
that the high number of tropical species is related to a 
greater biomass in the tropics, for there is evidence 
that this is not greatly in excess, if at all, of the 
biomass of the temperate region. The density of 
tropical species, therefore, is evidently due to greater 
speciation in the tropics than elsewhere, and the 
problem remains why this should be so. 

When the distributions of the present-day families 
of the vertebrate classes between the tropic and 
temperate regions are compared, it is found that the 
most-recently evolved group, the birds, has a higher 
proportion of tropical families than the older group, 
the mammals, and that the proportion of tropical 
to temperate families falls steadily through the 
series reptiles, amphibians, fishes and lampreys. 
Moreover, the ratios of recent tropical to temperate 
families for these groups when plotted against the 
respective times of origin of the groups, as given by 
the age of the earliest known fossils of each, fall into 
two approximately parallel linear series. The first 
and earlier of these is the Anamnia and the second 
the Amniota, the break between them evidently 
representing the point when the reptiles achieved 
emancipation from water, which opened to them and 
their successors a new terrestrial path out of the 
tropics into temperate lands. 

The evidence that the proportion of temperate to 
tropical vertebrate families has increased regularly 
with the age of the group suggests that each of the 
vertebrate classes originated in the tropics and that 
the rate of evolution of families has been virtually 
constant, first for the Anamnia and then for the 
Amniota, since the Ordovician for a period of 350 
million years. Prof. Webb pointed out that if there 


is any truth in the speculation that evolution has 
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been proceeding at a more or less constant rate for go 
long, then it becomes necessary to seek some physica] 
change in the Earth which, by regularly affecting the 
tropical belt for this period of time, might hayoe 
controlled the rate of vertebrate evolution. 

The zone of transition from tropical forest to 
savanna consists of an interdigitation of areas of 
forest and grassland with inliers of savanna in the 
forest and outliers of forest in the savanna. Slow 
fluctuation in the extent of the forest in response to 
climatic changes over the centuries or millenia would 
result in the formation of new isolated areas of forest 
or savanna and their subsequent re-incorporation 
into the parent vegetational belt. The temporary 
isolation of these patches of vegetation could provide 
conditions favourable for speciation and perhaps 
account in part for the high density of species in the 
tropical forest. If in addition there was also a very 
much slower, constant and prolonged shift of the land 
masses through the tropical belt then, at its edge, 
outliers of tropical vegetation would move into the 


temperate zone. shrinking and finally disappearing. 
The isolat.ou, together with the slow environmental 
change, tha! this would cause could be part of a 


mechanism leading to the evolution, at a more or 
less constant rate, of forms adapted to temperate 
conditions in proportion to their numerical representa- 
tion in the forest. 

Prof. Webb directed attention to the work of 
Prof. S. K. Runcorn in “Advances in Physics” in 
1955, which postulated on paleomagnetic evidence 
a relative shift of the north magnetic pole from a 
point near the present equator west of America in the 
Pre-Cambrian through a wide are crossing Japan and 
Siberia to its position at the present. As it is probable 
that the geographic pole has never been far from the 
magnetic north, this shift would also imply a corre- 
sponding shift of the equator. It is clear, therefore, 
that there may be some physical evidence for a 
constant and prolonged movement of the land masses 
through the tropical belt on which depends the sug- 
gested mechanism for the evolution at a more or less 
regular rate of temperate vertebrates from originally 
tropical forms. 

Prof. Webb showed maps on which the equators 
of the different geological periods were drawn 
based on Runcorn’s positions of the north magnetic 
pole and noted that the locations of the earliest known 
fossils of the vertebrate classes all lie within the 
tropical belts of their periods. He also pointed out 
that, on this evidence, the equator of the Triassic in 
which the Rhynchocephalia arose passed through 
the Bay of Plenty in New Zealand, where lives the 
tuatara lizard, the last survivor of that group. 
Moreover, the relative change in position of the 
equator, also on this evidence, has been about an 
axis between a point in the Pacific off the west coast 
of North America and the northern tip of Madagascar 
since the Silurian. These areas, therefore, may have 
lain continuously within the tropics for the past 
330 million years and may have been the only regions 
on the Earth’s surface to have done so. It may be 
significant that the Pacific location is near where 
the primitive molluse Neopilina was recently found, 
while the seas off North Madagascar are the home of 
the living ccelacanths. Perhaps these areas are the 
nearest we shall find in fact to the fiction of Conan 
Doyle’s “Lost World’. (Recent work by Prof. 
P. M. S. Blackett, Dr. J. A. Clegg and Mr. P. H. 5. 
Stubbs in Proc. Roy. Soc., A, 256, 291; 1960, gives 
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saleomagnetic evidence for continental drift. 
assessment of the positions of the fossil equators 
lative to the land masses will need to be made in 
he light of this new evidence for drift.) 

Dr. Rosemary McConnell ended the symposium 
‘ith a comparison of the fish faunas of tropical 


\frica and tropical America. She commented on the 
meat complexity of the tropical fish fauna which, 
ombined with a lack of well-defined seasons, led to 
sany of the difficulties experienced by ecologists in the 
topics. The majority of the freshwater fish species 
f South America and Africa belong to relatively 
ww family groups each of which has undergone 
remarkable adaptive radiation. The chief of these 
we the cattishes, the characids and the cichlids, which 
we common to the two continents and comprise 
bout 70 per cent of the fish fauna. The main 
lifference between the faunas of the two continents 
s the presence in Africa of numerous species of 
(yprinidae and Mormyridae, families absent from 
south America, where their ecological positions are 
ecupied by the Characidae and Gymnotidae. — 

The Amazon is by far the richest river system in the 
world with well over 1,000 known species of fish, and 
no doubt very many more await discovery. The 
fish communities there are very complex, many 
species, often closely related, living in one area as is 
shown by the fact that a large seine may net as many 
as 100 species of fish in a single haul in certain parts 
of the Amazon. A similar though less-extreme situa- 
tio exists in Africa where, for example, Lakes 
Tanganyika and Nyasa both have about 200 species 
of fish, most of them endemic. The question, there- 
fore, arises as to the reason for the complexity of these 
tropical fish communities. Dr. McConnell suggested 
that a factor contributing to this could have been 
profound weather changes of the Quarternary. Just 
as in the temperate zones the ice ages probably 
reduced the number of fish species there, so in the 
tropies the corresponding pluvial and interpluvial 
periods may well have promoted speciation. For 
example, in Africa, during a pluvial period, a rise in 
the level of the lakes would have made new niches 
for the fish which would afterwards become isolated 
during the interpluvial period when the lake-level 
fell, thus providing conditions favourable for specia- 
tion. This situation of fluctuating levels in the fresh- 
water habitats is very similar to that proposed by 
Prof. Webb for the forest. 

Dr. McConnell remarked on the extensive adaptive 
radiation achieved by the Cichlidae, Cyprinidae and 
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NIMALS may be tolerant! to their own circu- 
d lating antigens and hence to a very large number 
of antigenic determinants. An antigenic determinant 
of a heterologous protein could only induce an anti- 
body response if it were different from any of the 
determinants of the autologous proteins. The speci- 
ficity of the antibody response would thus depend on 
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Mormyridae in Africa and the Characidae and cat- 
fishes in South America, and outlined the astonishing 
diversity of form and habit found particularly among 
the catfishes. In such a complex of species the 
problems of how populations remain distinct and 
individuals of one species recognize one another for 
breeding purposes are not fully understood and 
certainly cannot be answered completely at the 
moment. The segregation of many of the species, 
particularly in the Cichlidae, has undoubtedly been 
maintained by differences in territorial behaviour, 
restrictions imposed by different food and breeding 
requirements and so forth. Recognition of each 
other by individuals within a species may be achieved 
again by their seeking similar environmental condi- 
tions for breeding purposes. In some cases the fish 
resort to sound signals for recognition and in this 
respect parallel many of the insects of the tropical 
forest. The characid of Guiana streams, Prochilodus, 
on a spawning run up river sounds like an outboard 
engine. 

Eating and avoiding being eaten form the pre- 
dominant theme in the tropics, the biotic relationships 
appearing to assume greater importance in the 
general ecology when physical conditions are stable, 
and much remains to be learnt about the balance 
between predator and prey. In the absence of well- 
defined breeding seasons, fish spawn at any time of the 
year so that young fish and fish at all stages of growth 
may also be found at all times of the year. The 
community is thus very uniform and some predators 
have been able to specialize in feeding only on young 
fish. In spite of this, however, a balance is main- 
tained, for the food webs are too complex to allow 
certain species to multiply enormously and thus 
there is here, just as there is in the tropical forest, 
no species which can truly be considered dominant. 

Dr. Carter remarked in closing his presidential 
address that, as tropical biology is at a much less 
advanced stage than that of temperate countries, 
it is less difficult in the tropics to find promising lines 
of work. Yet, when posts in tropical laboratories are 
advertised, it is not by any means always easy to 
find people to fill them. One reason for this may well 
be that the many advantages of work in the tropics 
are not sufficiently realized by the younger generation 
of biologists or, for that matter, by the older genera- 
tion that advises them. Perhaps this session will have 
shown that the tropics offer new fields to conquer and 
the chance to view old problems in a new light. 

J. E. WEBB 


SPECIFICITY AND INHERITANCE OF ANTIBODY RESPONSE : 
A POSSIBLE STEERING MECHANISM 


By Dr. B. CINADER 


Department of Medical Biophysics, University of Toronto, and Division of Biology, 
Ontario Cancer Institute, Toronto 


the relation between the structure of autologous and 
heterologous antigen. Furthermore, the determinant 
sites of autologous proteins are not always the same 
in individuals of the same species, and as a con- 
sequence the determinants of a heterologous protein 
which could elicit an antibody response would not be 
necessarily identical, in composition or number, in 
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two individuals of the same species. Since the 
structure and sequence of amino-acids of autologous 
proteins is genetically controlled, the antibody 
response which would depend on these would also be 
inherited and would be different for different antigens. 
The validity of this hypothesis depends on the follow- 
ing premises. 

Immunological tolerance to defined antigens is as 
general a phenomenon as the antibody response 
itself. It depends on the individual chemical determ- 
inants of the antigen and not exclusively on the 
antigen as a whole. If two antigens share one or 
several determinants, tolerance to one antigen can 
affect the immune response to another. Since 
immunological tolerance to heterologous antigens is 
a general phenomenon, it may be assumed that it 
can also be induced by autologous proteins and that 
conclusions valid for tolerance to heterologous 
proteins apply equally to isologous proteins. Finally, 
autologous proteins of different individuals differ 
in amino-acid sequence (and tertiary structure) 
and these differences are under direct genetic 
control. 

Before discussing the implications of these state- 
ments, their validity will be examined. 

The injection of a heterologous protein into a new- 
born animal prevents antibody formation to this 
particular antigen during part or all of the adult life 
of the animal'-'*. Acquired immunological tolerance 
to defined antigens has been induced in rabbits, 
calves, goats, mice and birds. The antigens used 
have been various serum albumins, globulins, ribo- 
nuclease, azo serum albumin, and yeast antigens. 
The variety of different species and of different 
antigens involved suggests that tolerance is as 
universal as the antibody response itself. Some 
experimental observations may appear to detract 
from this generalization. There are reports which 
indicate that tolerance in chickens®."*, and possibly in 
rabbits’® and in mice™, may be of short duration 
and may require for its maintenance reinforcement 
by antigen during adult life. There is no need to 
consider the general significance of these reports (see 
ref. 16) here since, in the situation to be considered, 
antigen would be available during adult life. There 
are also several reports of failures to induce immuno- 
logical tolerance, particularly when red cells are 
injected at birth, and these need to be considered in 
some detail since they affect the acceptance of 
tolerance as a general phenomenon. 

Some failures to induce tolerance can, no doubt, 
be accounted for by the induction of tolerance being 
dependent on the quantity of antigen injected!’,'*, 
In order for tolerance to be demonstrated, every 
antibody-forming cell or its mother cell would have 
to be affected. If only a relatively small proportion 
of these cells has a tolerance-inducing encounter with 
antigen, the slight decrease in antibody production 
may be obscured by the wide scatter of the amount 
of antibody produced by normal rabbits. If, on the 
other hand, the dose injected at birth is such as to 
leave a very small proportion of antibody-forming 
cells unaffected, prolonged immunization would be 
required before the unaffected cells have multiplied 
sufficiently to produce a detectable amount of anti- 
body. During the early stages of immunization it 
would, consequently, appear as if no antibody were 
being synthesized ; after some time and after repeated 
challenge, formation of antibody would reach a level 
at which it can be detected. 
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Apart from failure to induce tolerance, experim. 
ental failure to prove its successful induction mys 
be considered in this connexion. 

The presence of antigenic impurities in the pre. 
paration used for injection at birth can lead to 
results which may be misinterpreted as failure to 
induce tolerance to the principal antigen. Tolerance 
to the principal antigen may have been induced. 
while an impurity may have been present in quan. 
tities too low to induce tolerance but sufficient to 
give rise to antibody during subsequent immuniza. 
tions“. This source of error can occur with any 
purified protein and can only be excluded by a rigid 
demonstration that antibody found in an animal 
injected at birth is directed against the principal 
antigen injected. 

This difficulty"* occurs also, and in @ very complex 
situation, when heterologous cells, not capable of 
propagation, are injected at birth. The cells consist 
of a large number of different antigens, all acting 
independently in inducing tolerance, all present in 
different relative quantities. The antigens which are 
present in very low concentration on the surface of 
such cells might not induce tolerance. More abundant 
antigens would induce tolerance. Subsequent in. 
munization would lead to formation of antibody to 
the ‘rare’ antigens only. It might be concluded that 
tolerance had not been induced, which is correct on 
the cellular—though not on the antigen—level. 

In the light of the foregoing experiments and 
considerations, it may be suggested that rigid criteria 
must be observed to demonstrate that animals 
injected at birth have failed to make antibody to 
the principal antigen injected. For this reason, 
negative reports—that is, reports of failure to induce 
tolerance—must be treated with caution, while the 
reports that tolerance can be induced to defined 
proteins can be taken at their face value and can be 
accepted as an indication that immunological 
tolerance is a general phenomenon. 

The second question raised, as to the specificity 
of acquired immunological tolerance, has _ been 
approached by means of model experiments. The 
following experimental conditions may be con. 
sidered®,’. 


Antigen injected at birth 


Human albumin 
Azo-bovine ribonuclease 


Antigen injected during adult life 


Azo-human albumin 
Azo-human albumin 


The system for examining antibodies has been based 
on agglutination inhibition®,’,"*. 

Immunization with azo-human albumin of animals 
tolerant to human albumin does not elicit a demon- 
strable antibody response to azo-human albumin in 
most of the animals. However, 20-30 per cent of the 
animals tolerant to human albumin make antibody 
to azo-human albumin. This antibody cannot be 
inhibited by the prior addition of human albumin to 
serum, but can be completely inhibited by the prior 
addition of azo-human albumin. Such antibodies are 
thus essentially directed against the modified part of 
the molecule and are not directed against the protein 
moiety of the unchanged molecule. Animals injected 
with azo-ribonuclease at birth and afterwards im- 
munized with azo-human albumin also show two 
different responses. All control animals and the 


majority of the animals injected at birth make anti- 
body both against the protein moiety and against 
the modified part of the molecule, but a small number 
of animals make antibody directed against the protein 








No. 


noiet: 
protel 
The 
depen 
the in 
not or 
at bil 
inject 
with t 
the o 
albu 
albun 
than | 
The 
antige 
also © 
If 
heter« 
also | 
not < 
forma 
woulc 
antib 
ance 
antib: 
logice 
Assur 
to an 
only 
autol 
ant 0: 
could 
seque 
also 
parti 
induc 
antig 
cirew! 
that 
be e 
speci 
be gu 
devel 
quan 
a he 
toler 
numl 
heter 
of d 
prote 
Th 
prote 
respec 
able 
genes 
In 
albu 
beco! 
toler 
toler: 
act 
toler 
strat 
inher 
medi 
teins 
toler 
sary 
shou 
cont 









|. 188 


xperim. 
m must 


he pre. 
lead to 
lure to 
lerance 
nduced., 
1 quan. 
‘ient to 
nuniza- 
th any 
& rigid 
animal 
rincipal 


omplex 
able of 
consist 
acting 
sent in 
ich are 
face of 
undant 
nt im. 
ody to 
d that 
‘ect on 
L. 
S and 
riteria 
nimals 
dy to 
‘eason, 
induce 
ile the 
lefined 
san be 
logical 
‘ificity 
been 


The 


con- 


t life 


based 










November 19, 1960 


No. 4751 


moiety and not against the modified part of the 
protein. ' 
‘There is thus some evidence for tole:.ice being 
dependent on antigenic determinants. C:7ssquently 
the immune response of an adult tolerant animal is 
sot only inhibited with respect to the antigen injected 
it birth but is also reduced when an antigen is 
jected during adult life which shares determinants 
with the antigen injected at birth. This accounts for 
the observation? that rabbits tolerant to bovine 
ibumin produce significantly less antibody to egg 
slbumin (known to cross-react with bovine albumin!*) 
than do animals not tolerant to bovine albumin. 

The general conclusion that tolerance depends on 
antigenic determinants, though possibly in some way 
dso on the molecule as a whole, seems justified. 

If immunological tolerance' can be induced by 
heterologous proteins in general, it can presumably 
also be induced by autologous proteins ; this would 
not only serve as a safeguard against antibody 
formation to circulating autologous proteins but 
would also have an effect on the specificity of the 
antibody response to heterologous antigens. Toler- 
ance to one heterologous antigen can affect the 
antibody-response to another one if an immuno- 
logical determinant is shared by both antigens. 
Assuming a similar effect as the outcome of tolerance 
to an autologous protein, an adult animal would not 
only be prevented from making antibody to the 
autologous protein as such but also to any determin- 
ant of the autologous protein. A heterologous protein 
could contain one portion consisting of an amino-acid 
sequence or determinant surface configuration which 
also occurs in an autologous macromolecule ;_ this 
particular determinant would then be excluded, as an 
inducer of antibody, in a response to the heterologous 
antigen. Since a large number of different proteins 
circulates through the body, it would seem likely 
that a considerable number of determinants would 
be excluded from antibody induction, so that the 
specificity of the antibody response to proteins might 
be guided, to a considerable extent, by the tolerance 
developed to autologous proteins. Furthermore, the 
quantity of the antibody synthesized in response to 
a heterologous antigen might similarly depend on 
tolerance induced to autologous proteins, since the 
number of antibody-inducing determinants on a 
heterologous antigen would depend on the number 
of determinant sites not shared with autologous 
proteins of the responding animal. 

The possible influence of tolerance to autologous 
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proteins on the genetic control of the antibody 
response is perhaps the most interesting of the prob- 
able consequences of tolerance to isologous proteins ; 
genes would act through an intermediary process. 

In the model system already mentioned*,’, azo 
albumin, which is normally a ‘good’ antigen, had 
become a ‘bad’ antigen in animals which were 
tolerant to human albumin. Naturally induced 
tolerance to an autologous protein could presumably 
act in the same way as experimentally induced 
tolerance to heterologous protein has been demon- 
strated to act. It is thus sufficient to assume that the 
inheritance of the extent of antibody-response is 
mediated through the structure of autologous pro- 
teins as @ consequence of acquired immunological 
tolerance to autologous proteins, and it is not neces- 
sary to assume that the response to all antigens 
should be under direct and independent genetic 
control. 
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The amount of antibody synthesized would depend, 
among other factors, on the number of sites on an 
antigen which can give rise to antibody, that is, to 
the number of determinants which are not excluded 
by tolerance to autologous proteins. The determ- 
inant sites which would be excluded as antigenic 
determinants would be under genetic control in so far 
as the amino-acid sequences and structure of auto- 
logous proteins are under genetic control. Conse- 
quently, differences between the response of different 
individuals would be attributable to differences in the 
structure of their proteins. It is known that serum 
globulins in rabbits**, guinea pigs*', cattle** and 
man**; hemoglobin in man*, in cattle*® and in 
sheep**; haptoglobin in man*?; and albumin in 
man** are under individual genetic control and 
differ in different individuals. It is likely that this 
will be found to apply to other, if not all, proteins. 
Even if these differences should affect a very small 
portion of the amino-acids, it may still exercise a 
profound effect on tertiary folding. Thus antibody 
response to different amino-acid sequences** would 
be excluded in different individuals. As a con- 
sequence of this genetic variation between determ- 
inants, the determinants excluded as immunogens 
would vary from one individual to the other and a 
heterologous antigen might have many more determ- 
inants able to elicit antibody formation in one 
individual than in another. This would result in 
differences in the quantity of antibody produced by 
different individuals to the same heterologous antigen 
and would be inherited. 

If the foregoing considerations are applicable, and 
if auto-immune disease can ever occur as @ con- 
sequence of the breakdown of tolerance, it should be 
accompanied by a change, however small, in the 
specificity and nature of the entire antibody-response. 
This might permit an experimental discrimination 
between auto-immune disease caused by the release 
of a normally ‘secluded’ antigen to which tolerance 
had never been established, and auto-immune disease 
caused by breakdown of previously established 
tolerance. 

There is suggestive, if not conclusive, evidence that 
differences in the antibody-response may be inherited. 
From an immunochemical point of view, a conclusive 
analysis has to be carried out with homogeneous, 
molecularly defined antigens. 

An antigenic mixture can be used if one particular 
molecular species can be identified by its biochemical 
action, so that the antibody-response can be measured 
in terms of the inhibition of the biological or bio- 
chemical activity of the antigen. 

Gorer and Schiitze** have shown that the quantity 
of antibody produced in response to immunization 
with the H and O antigens of S. typhi-murium and 
S. enteritidis is different for animals of different 
strains and that the relative quantity of antibody 
made by each of these strains to each of these anti- 
gens is not the same. Similar observations have been 
reported by Ipsen*! with respect to the response of 
inbred strains of mice to tetanus toxoid, the average 
response being different for each strain of mice and 
the relative quantity of antibody produced after 
primary and after secondary immunization being the 
same. Scheibel*? has been able to produce, by inbreed- 
ing, two strains of guinea pigs differing in their 
capacity for the production of diphtheria antitoxin. 

Sobey** measured the heritability of the rabbit’s 
response to tobacco mosaic virus by assaying the 
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quantity of antibody produced by parents and their 
offspring to a secondary response to tobacco mosaic 
virus, and by measuring the regression of mid-parent 
offspring in a cross-bred population of rabbits. This 
regression gave a heritability h* = 0-876, S.E. 0-09. 

The experiments of Gorer and Schiitze*® have 
indicated that the antibody-response for different 
antigens may be inherited independently (see also 
ref. 34). This is also indicated by a recent observation 
with purified antigens. Bovine ribonuclease, a fairly 
‘good’ antigen in wild-type rabbits, was found to 
induce practically no antibody in white Himalayan 
rabbits*. However, other antigens, for example, 
human albumin or azo-human albumin, elicited as 
high an antibody titre in white Himalayan rabbits 
as in wild-type rabbits. It would therefore seem that 
the genetic evidence is compatible with the prediction 
that the extent of the antibody-response to a given 
antigen is inherited, and also that the capacity for 
antibody-response to different antigens may be 
inherited independently. 

On the basis of the considerations outlined, it is 
proposed that the antibody-response is inherited 
independently for different antigens, that the in- 
heritance is not under direct genetic control, but that 
it is controlled indirectly by tolerance to autologous 
proteins; inherited differences in the antibody 
response of different individuals being attributable 
to the genetic differences between their constituent 
proteins. 
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OBITUARIES 


Dr. H. E. Wimperis, C.B., C.B.E, 


On July 16 Harry Egerton Wimperis, first director 
of scientific research at the Air Ministry, past president 
of. the Royal Aeronautical Society and a Crown 
governor of the Imperial College of Science and 
Technology, London, died at the age of eighty-three. 

His was a full life, with perhaps more than a usual 
mingling of happiness and vicissitude and of reward 
and injustice. The death of his father while Dr. 
Wimperis was in his first year and the struggles of 
his mother to educate him, shaped his early life. At 
the age of fifteen he was apprenticed to an engineering 
firm, but his boyish love for astronomy led him to 
write to the Astronomer Royal, who must have been 
greatly attracted by the young Wimperis, for he spent 
several hours in showing him the Royal Observatory 
and advised him to seek entry into the Royal College 
of Science and thence to Cambridge. This advice 
was taken, and after happy years at the Royal 
College of Science, he was awarded, in 1898, a Whit- 
worth Scholarship and a scholarship at Gonville and 
Caius College. 

Academically, Wimperis did very well at Cam- 
bridge, for which he had a life-long affection; but 
his social life there was restricted by the need to 


provide a home for his mother. His debt to her, 
which he gladly paid until her death at a great age, 
led him to decline a fellowship of his College ; this 
was the end of a dream of a life devoted to astronomy. 
Then followed a period with Messrs. Armstrong 
Whitworth until he was appointed, from hundreds of 
applicants, engineering adviser to the Crown Colonies. 
In London, close friendship with many men famous 
in the fields of the arts and humanities, and member- 
ship of the Athenzum (in his thirties) filled gaps 
caused by a forced life of specialization ; these men 
must have helped him to develop an inherent lucidity 
of expression, for it was once said of him, “If you 
want something new, get Rutherford to invent it and 
Wimperis to explain it’. His several books on tech- 
nical subjects are indeed models of clarity. 
Membership of the Royal Naval Volunteer Service, 
a fascination for aircraft and an inventive mind 
formed the pattern of his work during the First 
World War. Of his many inventions, the best known 
was his course-setting bomb-sight, which was intro- 
duced in 1917, and with various modifications re- 
mained the standard bombing aid until 1939. During 
the First World War, a small laboratory, known as 
the Air Ministry Laboratory, with Wimperis as its 
superintendent, came into being in a few rooms 
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provided by the Imperial College. Although the 
scientific staff under Wi imperis was never more than 
half a dozen, the laboratory was no _ politician’s 
plaything but one which for several years after the 
War continued to be an outstandingly virile centre 
of research on such diverse fields as aircraft engines, 
navigation aids and the effects of bombing on ships’ 
structures. 

When in 1925 the Air Ministry decided to follow 
the example of the Admiralty and create the post of 
director of scientific research, it was no surprise to 
those who had worked with Wimperis that he was 
asked to fill it; this he did until 1937. Much might 
be written of Wimperis in those years, for he was 
ager to pursue new and seemingly umpromising 
deas while possessing a flair for detecting the bogus. 
He encouraged the Cierva autogyro, and in 1934 
caused the formation of the Committee for the 
Scientific Survey of Air Defence, under the chairman- 
ship of Sir Henry Tizard, the work of which was a 
major factor in transforming the whole picture of 
air defence. Wimperis also caused a revitalization of 
the Royal Aircraft Establishment of his day, and, 
most important of all, sowed much in defence 
science administration that others, with more im- 
posing titles and more generous recognition, were to 
reap in the decades to come. 

How much a man accomplishes for all to see must 
be judged in relation to whether wind and tide are 
for or against him. As the first director of scientific 
research at the Air Ministry, Wimperis had an 
wmenviable task. Not all Civil servants were happy 
that a scientist should hold a responsible post ; the 
fears of senior Royal Air Force officers led to the 
ridiculous edict that Wimperis was to have nothing 
to do with armament, that is, with the chief pur- 
poses of Service aircraft. Others caused a ban on 
concern with lighter-than-air craft, a restriction which 
did not prevent Wimperis from protesting against 
the premature and disastrous flight of the R 101. On 
a lighter note, it is amusing to recall that when 
Wimperis asked that a copy of Nature should be 
regularly provided for him, discreet inquiries revealed 
that it was not a salacious journal! By the exercise 
of patience, wisdom and courage, Wimperis gradually 
enhanced the respect for science in the Air Ministry 
and when he retired in 1937 the dictum was dying 
that “‘a scientist should be on tap but not on top”. 

On retirement, Wimperis accepted an invitation to 
Australia to advise the Commonwealth Government 
on aeronautical research. It was during this visit 
that the University of Melbourne conferred on him 
the honorary degree of doctor of engineering. Largely 
as a result of Wimperis’ recommendations, a Division 
of Aeronautics was set up under the Australian Com- 
mittee for Scientific and Industrial Research and a 
chair of aeronautics established at the University of 
Sydney, though Wimperis could not have foreseen 
that aeronautical research and development in Aus- 
tralia would be hindered by a reluctance in that 
country to manufacture aircraft. 

During a stay in Singapore, Wimperis developed 
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tropical sprue, which for twenty years was to call for 
fortitude on its victim’s part and for devotion to his 
special needs by his wife, who survived him by only 
three weeks. In spite of a gradually increasing 
physical frailty, his range of interests widened 
further, and for several years he was convenor for 
the atomic energy study group at Chatham House. 
One who knew him well, wrote these words of him : 
“Wimperis at the Air Ministry could be stern and 
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biting, never suffering fools or the lazy or the self- 
deluded gladly but he was tender and helpful to the 
eager, the struggling and to those who showed 


courage in difficulties. He cared intensely for truth, 
honesty and intellectual and personal integrity and 
had a deep regard for some who stood for comple- 
mentary values’’. 

Add to these attributes a strong sense of humour 
and we have a fair picture of Dr. Wimperis, who 
survived many of his friends and is mourned by 
many more. A. P. Rowe 


Mr. W. J. Chalk 


Mr. W. J. CHALK, a member of the engineering 
staff of the British Broadcasting Corporation, died 
suddenly on September 24 at the age of sixty-one. 
His early interest in the field of communications led 
to his active service during the Second World War 
in the Royal Signals. He retired with the rank of 
lieutenant-colonel after having held a number of 
staff appointments as Radio Planning Officer in 
Europe and in the Middle- and Far-East. After the 
War he became a member of the Allied Control Com- 
mission in Germany; and, as the liaison engineer 
with the North-west German Broadcasting Organiza- 
tion, he represented the United Kingdom High 
Commission at the European Broadcasting Conference 
at Copenhagen in 1950. 

Mr. Chalk joined the British Broadcasting Corpora- 
tion in 1951, and, as a member of the Engineering 
Information Department, he became responsible 
for matters concerning frequency allocations and radio 
interference problems in the broadcasting field. 
His earlier experience in world-wide communications 
made him a valuable member of the United Kingdom 
delegation at international conferences. During 
recent years he had participated in the plenary assem- 
blies of the International Radio Consultative Commit- 
tee held at Geneva (1953), Warsaw (1956) and Los 
Angeles (1959). In 1959, also, he was a member of 
the British Broadcasting Corporation’s delegation to 
the Administrative Radio Conference in Geneva, 
which established revised regulations and frequency 
allocations for the conduct of international radio 
communications of all types. His work in this field 
made him widely known both in Britain and over- 
seas. He was very popular with both his British 
and his foreign colleagues, and had a reputation for 
exercising a sound judgment on all the problems 
with which he was concerned. R. L. SmrrH-RosEe 


Prof. E. W. Goodpasture 


THE death of Prof. Ernest W. Goodpasture at the 
age of seventy-nine is reported from the United 
States. He was a pioneer in the field of the pathology 
of virus infections. 

Goodpasture was born in Tennessee, and there 
received his medical training at Vanderbilt Univer- 
sity, Nashville, where he was for so long to hold the 
chair of pathology. He went to Yale and to Baltimore 
for postgraduate training ; at Johns Hopkins he held 
a Rockefeller fellowship in pathology. In 1929 he 
was called to the chair of pathology at Nashville 
and here he remained until 1955. 

His early work in the virus field was on herpes 
simplex, particularly on the progression of the virus 
along nerves. Turning to the pox group, he studied 
the inclusion bodies of fowl-pox, and in 1931, with 
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A. M. Woodruff, cultivated the virus on the chorio- 
allantoic membranes of fertile eggs. Rous and Murphy 
had twenty years earlier used a similar technique in 
studies of tumours, including the Rous sarcoma ; 
but Goodpasture and his colleagues really introduced 
the developing egg into virus research. Later, Burnet 
improved the method by showing how to make an 
artificial air-sac. In 1938 Goodpasture showed that 
viruses would grow after inoculation into the amniotic 
cavity of chick embryos; and this method, too, was 
taken up and developed by Burnet, and other 
workers. For many years Goodpasture worked with 
fertile eggs and used them for many purposes and to 
great advantage. He grew vaccinia on chorioallantoic 
membranes and advocated the use of such material 
for vaccination against smallpox. He grew ‘difficult’ 
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viruses such as herpes zoster on grafts of human skin 
growing in eggs. He studied the behaviour in cells 
of egg membranes of some specialized parasites among 
the bacteria such as those of typhoid and tularemia 
The laboratory study of mumps really begins with 
his demonstration that monkeys can be infected by 
inoculation into their parotids. 
Goodpasture held many important appointments, 
including that of scientific director of the Inter. 
national Health Division of the Rockefeller Founda. 
tion. On his retirement from Vanderbilt in 1955 he 
went to work at the Armed Forces Institute of 
Pathology in Washington. He was a member of the 
National Academy of Sciences and of the American 
Philosophical Society and received many honours. 
C. H. ANDREWEs 


NEWS and VIEWS 


Nobel Prize for Chemistry 

Pror. WILLARD F. Lipsy has been awarded the 
Nobel Prize for Chemistry for 1960 in recognition of 
his work on the carbon-14 method of age determina- 
tion. In a series of experiments carried out during 
the period following his appointment as professor of 
chemistry at the Institute of Nuclear Studies, Univer- 
sity of Chicago, Prof. Libby demonstrated the presence 
of carbon-14 in Nature at a level close to that which 
he had predicted, and showed that its distribution 
throughout the world-wide carbon exchange reservoir 
is substantially uniform. He then pointed out that 
the death of an organism would prevent further 
exchange of its carbon atoms with those of the 
reservoir and that consequently a measurement of 
the residual carbon-14 activity of dead material 
could be used as a basis for an age determination. 
The practical application of the method necessitated 
the development of an experimental technique capable 
of measuring accurately, and on a routine basis, the 
extremely low levels of carbon-14 activity which are 
found in ancient materials. Libby’s success in this 
direction can best be judged by the list of nearly a 
thousand dates produced by the Chicago dating 
laboratory during its period of operation. The 
importance of the method is incalculable, for it 
provides not only an absolute method of dating 
independent of hypothetical considerations covering 
the past 40,000 years or so, but also one which is of 
world-wide application to a variety of commonly 
occurring materials. Archeology, geology, oceano- 
graphy and climatology have all benefited and will 
continue to do so in the future from the applications 
of Libby’s fundamental researches. 


Nobel Prize for Physics 

THE announcement of the award of the Nobel 
Prize for Physics for 1960 to Prof. Donald A. Glaser 
of the Radiation Laboratory, California, has given 
pleasure to all who admire the way in which a young 
man not only conceived a brilliant idea but also, using 
commonplace physical ideas as a basis for his experi- 
mental work in an unexplored field, and working 
practically alone, presented the nuclear physicist 
with a powerful new tool—the liquid bubble chamber. 
The formation of bubbles along the track of an 
ionizing particle occurs in a medium of much greater 
stopping power than the gas in a cloud chamber, 


yet because of the short time (only a few milliseconds 
during which the liquid is rendered sensitive to such 
bubble formation it is possible to follow the various 
products of a particular nuclear reaction without the 
ambiguity, inherent in nuclear emulsions, caused by 
the presence of many other, extraneous, tracks. 
Chambers containing hundreds of litres of liquid, 
set up beside existing high-energy particle accelera- 
tors, can now produce photographs of nuclear events 
every few seconds and in this way not only has the 
existence of the neutral cascade particle been estab- 
lished but also new experimental data are being made 
available at such a greatly increased rate that only 
by the use of automatic measuring devices can the 
fullest advantage be taken of Prof. Glaser’s great 
contribution to physics. 


al 
Royal Society : Award of Royal Medals 


H.M. THE QUEEN has been graciously pleased to 
approve recommendations made by the Council of 
the Royal Society for the award of the two Royal 
Medals for the current year as follows: to Sir Roy 
Cameron, professor of morbid anatomy at University 
College Hospital Medical School in the University of 
London, for his distinguished contributions in the 
field of cellular pathology ; to Prof. A. C. B. Lovell, 
professor of radio astronomy in the University of 
Manchester and director of the Nuffield radio 
astronomy laboratories, Jodrell Bank, for his dis- 
tinguished contributions to radio astronomy. 


Applied Mechanics at Nottingham : 
Prof. G. B. Warburton 


Dr. G. B. Warburton, who has been appointed to 
the recently instituted chair of applied mechanics in 
the University of Nottingham, studied at Peterhouse, 
Cambridge, and was awarded first-class honours in 
the Mechanical Sciences Tripos in 1944. As a demon- 
strator at Cambridge, he was attached to a research 
team investigating stresses set up in ships’ plates due 
to welding. Later he became an assistant lecturer at 
University College of Swansea and, in 1947, joined 
the engineering staff at the University of Edinburgh. 
After varied teaching experience, Dr. Warburton was 
appointed head of the Postgraduate School of Applied 
Dynamics which was formed at Edinburgh in 1956, 
details of which appeared in Nature, 179, U7 
(1957). His research work at Edinburgh has 
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yen in the field of mechanical vibration and his 
oublished work has been concerned mainly with the 
vibration of cylindrical shells and plates, and the 
propagation, of ground vibration from machines to 
¢ructures. The former work has been used in the 
jstermination of natural frequencies of aircraft, 
nissiles and submarines. 
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liverpool Observatory and Tidal Institute: 
Dr. A. T. Doodson, C.B.E., F.R.S. 


Dr. A. T. Doopson has recently retired from the 
lirectorship of the Liverpool Observatory and Tidal 
institute. After graduating from the University of 
Liverpool in 1912, Doodson spent a short time in the 
Jectrical industry. During the First World War, he 
sorked with Prof. Karl Pearson on problems which 
neluded the trajectories of anti-aircraft missiles. The 
fidal Institute was formed in 1919 on the initiative 
Prof. J. Proudman, who became the director, with 
Doodson as secretary. When the Institute was com- 
bined with the Liverpool Observatory in 1929, Dr. 
Doodson became associate director of the joint 
nstitution, and later, in 1946, its director. A paper 
published by Doodson in 1921, giving a complete 
revision of G. H. Darwin's schedule of the harmonic 
constituents of the tides, provided the foundation for 
much of his later work on tidal analysis and predic- 
tion. In collaboration with Proudman, Doodson 
developed methods for the construction of co-tidal 
charts based on observed tidal elevations and cur- 
rents. They also published a series of papers on the 
theory of tides in oceans bounded by meridians. 
Another line of research, started by Doodson in 1923, 
on the meteorological effects on tides, has led to 
important advances in methods of forecasting storm 
surges. At the same time as he was carrying out 
research, Doodson greatly extended the routine 
prediction work, and to-day the Tidal Institute 
provides tidal predictions for nearly all the countries 
of the Commonwealth. Dr. Doodson was elected a 
Fellow of the Royal Society in 1933, honorary Fellow 
of the Royal Society of Edinburgh in 1953, and in 
1955 was made C.B.E. In addition to serving 
on several national committees, he has taken a 
prominent part in the activities of the International 
Association of Physical Oceanography and the Inter- 
national Union of Geodesy and Geophysics. 


British Economic Growth 


A RECENT broadsheet issued by Political and 
Economic Planning, entitled ““The Growing Economy 
—Britain, Western Germany and France’’, discusses 
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the main factors influencing the development of 
industrial production and is adapted from the 
findings of a group which over the past three years 
has been working on problems of adaptation and 
change in British industry (26, No. 445; 17th October, 
1960. Pp. 281-308. London: Political and Economic 
Planning, 1960. 3s. 6d.). These findings are to be 
published in a forthcoming report which, assuming 
that economic growth is a proper object of policy, 
considers the conditions for achieving a rate of growth 
comparable with that of other Western industrial 
nations. After comparing levels of industrial activity 
and growth in the principal West European countries 
and the United States, the broadsheet examines the 
role of capital in economic growth and then con- 
siders the structure and achievement of the econ- 
omies of Western Germany and France, respectively. 
In contrast to British policy, French and German 
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economic policies have had marked success in 
stimulating economic growth, and the main conclu- 
sion of the broadsheet is that, in view of Britain's 
record since the War, priority must be given to the 
task of increasing the rate of growth. Specific sug- 
gestions include giving a high priority to measures 
which will encourage the release of workers from 
some industries and their rapid absorption by indus- 
tries which need more labour. This involves stimu- 
lating industrial research into labour-saving methods, 
expanding educational facilities for scientists and 
technologists and participating in the organization 
of schemes to provide compensation for loss of 
employment, and to overcome obstacles to move- 
ment between jobs, such as housing difficulties, 
removal costs and re-training problems. It is urged 
that the trade union movement in Britain needs 
to be much more closely associated with the other 
organs of government and power in the attain- 
ment of the national economic objectives, above 
all, of economic growth. Publication of a more 
consistent series of plans governing the public 
sector would, it is suggested, go a long way towards 
providing private firms with the kind of assurance 
they need about the future growth of the economy, 
and it is probable that the economy would benefit 
if the Government exercised a more, rather than a 
less, positive influence over the investment planning 
of the private sector. 


British Conference on Automation and Computa- 

tion 

THE rapid growth of automation in Britain led to a 
decision in 1957 (see Nature, 179, 948 ; 1957) by some 
twenty bodies having interests in this field to set up a 
central organization to provide more effective liaison 
between the interested bodies, to be known as the 
British Conference on Automation and Computation. 
The Conference was divided into three autonomous 
Groups, as follows: (1) the British Group for the 
Engineering Applications of Automation; (2) the 
British Group for Computation and Automatic Con- 
trol; (3) the British Group for the Sociological and 
Economie Aspects of Automation Techniques. At 
meetings of the three Groups held on October 10, it 
was agreed that they should merge in a reconstituted 
organization. Sir Walter Puckey was elected chair- 
man of the new Conference, with Messrs. L. T. 
Blakeman, J. F. Coales and H. G. Conway as vice- 
chairmen. Mr. 8S. M. Rix was elected honorary 
treasurer and Mr. W. K. Brasher (secretary of the 
Institution of Electrical Engineers, Savoy Place, 
London, W.C.2) as honorary secretary. The follow- 
ing representatives were elected to serve with the 
honorary officers as the Executive Committee: Dr. 
E. H. Bateman (Institution of Structural Engineers), 
W. J. Carron (Trades Union Congress), E. C. Clear 
Hill (British Computer Society, Ltd.), W. C. F. 
Hessenberg (Iron and Steel Institute), Prof. G. D. 8. 
MacLellan (Institution of Mechanical Engineers), 
Prof. P. B. Morice (Institution of Civil Engineers), 
Sir Charles Norris (British Productivity Council), 
Prof. E. J. Richards (Royal Aeronautical Society), 
E. 8. Sellers (Institution of Chemical Engineers). 


The Wildfowl Trust 

ALTHOUGH there were no major developments in 
1958-59, the eleventh annual report of the Wildfowl 
Trust, by Hugh Boyd and Peter Scott, is once more a 
chronicle of satisfactory progress and development 
(Pp. 167+32 plates. (Slimbridge, Gloucestershire : 
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The Wildfowl Trust, 1960.) 10s. net.) The number 
of visitors increased during the year, finances are 
adequate and the scientific staff have extended their 
investigations by aerial] surveys and other means. 
A valuable inclusion in this attractive report is the 
translation of a research article by Prof. S. M. 
Usjinski on the status of the Brent goose in the 
Soviet Union. The drawings and photographs are 
up to the standard expected from Slimbridge. 


The National Research Council of Canada 

Deraltts of the grants totalling 9-37 million dollars 
in 1959-60 from the National Research Council of 
Canada in its forty-third year in support of research 
at Canadian universities in science, engineering and 
medicine, show an increase of 2-62 million dollars on 
1958—59 and of 6-25 million dollars on 1955—56 ; they 
are contained in a report issued by the Council, which 
includes also a Supplement to the 1958-59 report 
(Pp. ii+213+4xi. Ottawa: National Research 
Council of Canada, 1960. 50 cents). Of this, 8,586,265 
dollars were in direct support, 76-7 per cent being for 
scientific and engineering research and 23-3 per cent 
for medical research, while of the total, 84-6 per cent 
represented 958 research grants to members of 
university staffs and 15-4 per cent provided 450 
postgraduate scholarships and fellowships. Of the 
indirect support, 39-4 per cent was for contributions, 
grants, etc., to scientific organizations and functions 
and 35-3 per cent for the publication of scientific 
periodicals. Besides a full list of grants and their 
recipients, fellowships and scholarships, the report 
includes an outline of the programme and particulars 
of the membership of the administering bodies. 


Atmospheric Pollution 

A RECENT publication entitled “The Investigation 
of Atmospheric Pollution” includes the thirty-first 
annual report of the Atmospheric Pollution Research 
Committee of the Fuel Research Board for the year 
ended March 31, 1958, and gives in synoptic form 
information regarding the research projects con- 
sidered during that period (Department of Scientific 
and Industrial Research. Pp. iv+164. London: 
H.M. Stationery Office, 1960. 8s. net). Smoke from 
railway locomotives, which are responsible for one- 
seventh of all the smoke discharged to the atmo- 
sphere, has been investigated. Other subjects con- 
sidered were, instruments for measuring air pollution, 
air pollution by fluorine compounds, fumes from coke 
fires, smoke abatement in the iron and steel industry, 
and air pollution and health. The second part con- 
sists of the report of the Director of Fuel Research 
on the investigation of atmospheric pollution. Here 
more details are given on the emission of pollutants 
to the atmosphere, with some indication of the sources 
of smoke and sulphur dioxide from various fuels. 
From the data available it would appear that there 
is a steady decrease in the amount of smoke emission 
to the atmosphere since 1955—56, and during the same 
time there has been no increase in the sulphur dioxide 
concentrations in the atmosphere. The report states : 
“This shows without any doubt that the concen- 
tration of sulphur in the air in this country [Britain] 
is not increasing’. There is also some interesting 


information on the smoke and sulphur dioxide con- 
centrations in the City of London. Some particulars 
are also given about the work of the Fuel Research 
Station on the production of reactive domestic coke, 
smoke elimination from boilers, combustion of oil 
fuel, exhaust gases from motor vehicles, and other 
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topics. The third part summarizes the results of the 
observations taken throughout Britain by the 
co-operating bodies which take part with the Depart. 
ment of Scientific and Industrial Research jy, 
monitoring atmospheric pollution. 


VOL. 188 


Water Pollution Research 

ANTICIPATING a rapid rise in the demand for 
industrial water, an increase in the re-use of water, 
and the consequent need to improve effluents, the 
eurrent report of the Water Pollution Rosearch 
Board, Department of Scientific and Industria] 
Research, announces the imminent expansion of its 
Stevenage laboratory by nearly 50 per cent (Water 
Pollution Research, 1959. Pp. vi + 115 + 4 plates. 
London: H.M. Stationery Office, 1960. 7s.). The 
report contains much detailed and valuable, but 
necessarily esoteric, information about the progress 
made with diverse investigations into the design of 
waste treatment plants and the pollution of rivers. 

Two particularly interesting advances may be 
selected for further mention. Previously, laboratory 
trials of a new synthetic detergent had shown that 
it was more easily decomposed during sewage treat- 
ment than the usual detergents. To test these 
observations, the whole town of Luton was supplied 
with apparently normal packages of detergent which 
contained the new active agent instead of those usually 
employed. Less synthetic detergent reached the 
sewage works, and the increase in the proportion 
destroyed during treatment agreed with the labora- 
tory experiments. If it proves possible to extend 
the distribution of this new detergent to the whole 
country, the condition of many rivers and water 
supplies should be improved. Tests on the effects 
of suspended mineral polluticn, often a subject for 
speculation, have shown that concentrations which 
are fatal to fish, during continuous exposures of 
about ten weeks, are higher than those commonly 
found in polluted rivers. Pathological changes of the 
gill tissues are apparent in the dead fish. 


Biological Engineering Society 

Tue first meeting of the Biological Engineering 
Society was held on October 15 at the National 
Institute for Medical Research, Mill Hill. About 100 
participants assembled in the morning to listen to a 
series of short papers, each describing a demonstration 
to be held during the afternoon. Sir Charles Haring- 
ton, director of the Institute, opened the proceedings, 
and in his address drew a parallel between the state 
of biological engineering to-day and biochemistry 
half a century ago. Perhaps in the years to come a 
fusion of the two disciplines of biology and engineering 
might result in biological engineering becoming as 
acceptable as biochemistry to-day. In the meantime, 
advances in biological and medical science, he said, 
are very dependent on advances in engineering and 
instrumentation, and the Society is making a valuable 
contribution by enabling biologists and engineers 
to work more closely together and to understand 
each other’s points of view. Prof. R. F. Woolmer, 
the president of the Society, replied to Sir Charles, 
and pointed out that it was appropriate that this 
first scientific meeting should be held at the Institute, 
which in its work and organization is a good example 
of the way in which engineers could work together 
with biologists. A number of demonstrations 
illustrating many aspects of the work of the institute, 
and that of members of the Society from other 
centres, was given. The honorary secretary of the 
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Society is Dr. A. Nightingale, Physics Laboratory, 
$t. Thomas’s Hospital, London, S.E.1. 


Milk Hygiene 

Tue second report of the Expert Committee on 
Milk Hygiene, set up jointly by the Food and Agricul- 
ture Organization and the World Health Organization, 
amplifies and supplements an earlier one published in 
1957 (W.H.O. Technical Report Series, No. 197. 
Pp. 55. (Geneva: World Health Organization.) 
2 Swiss frances; 0.60 dollars. Also obtainable from 
H.M. Stationery Office. 3s. 6d. net. 1960). It deals 
first with some of the diseases that can be transmitted 
through milk, and refers especially to staphylococcal 
and streptococcal infoctions, and to tick-borne 
encephalitis. The nature of pasteurization and other 
forms of heat treatment, and their importance in 
reducing the danger of infection from milk itself and 
from milk products such as butter, cheese, fermented 
milk, dried milk and ice cream, are discussed. The 
fact is stressed that if in many countries of the world 
milk quality is to be significantly improved, informa- 
tio and exhortation about hygiene will not be 
enough ; they will have to be accompanied by some 
system of payment for quality. A later section of 
the report describes some of the problems associated 
with dairying in warm countries, where the standard 
of nutrition is frequently very low and where dairy 
products are very badly needed to improve the diets 
of the vast populations that live there. Reference 
is made to the production of milk in these areas not 
only from cows but also from buffaloes, goats and 
sheep. The report contains two annexes. One is a 
code of principles for milk and milk products pre- 
pared under the auspices of the Food and Agriculture 
Organization. ‘The other contains a description of 
some twenty of the less-well-known milk products 
such as ‘yogurt’ and ‘ghee’ which are much used in 
parts of Europe and Asia. The report should be of 
particular value in those areas of the world where 
more dairy products are urgently required, but where, 
for various reasons, the production of milk and its 
products is still somewhat primitive and relatively 
little is known of the science of dairy technology. 


The Night Sky in December 

FuLL moon occurs on Dec. 3d. 04h. 25m. v.T., and 
new moon on Dec. 18d. 10h. 47m. The following 
conjunctions with the Moon take place: Dec. 3d. 
Olth., Aldebaran 0-5° S.; Dec. 6d. 06h., Mars 7° N. ; 
Dec. 21d. 15h., Venus 4° S.; Dec. 30d. 07h., Alde- 
baran 0-4° S. In addition to these conjunctions with 
the Moon, Mercury is in conjunction with Antares on 
Dec. 13d. 08m., Mercury being 5° N. Mercury is a 
morning star, but conditions are not favourable for 
observation. Venus is an evening star, and conditions 
for observation are becoming favourable. Venus sets 
at 18h. 30m., 19h. 10m. and 19h. 55m. on December 
1, 15 and 31, respectively, almost four hours after 
the Sun on the latter date. During the month its 
distance from the Earth decreases from 102 to 83 
million miles, the visible portion of the apparent disk 
from 0-744 to 0-639, and its stellar magnitude from 
— 3-6 to — 3-8. Venus is visible in the south-west 
after sunset. Mars rises at 18h. 05m. and 16h. 50m. 
on December 1 and 15, respectively, and is above the 
horizon at sunset on December 31. It is retrograding 
in Gemini, and is at opposition on December 31. 
Mars is closest to the Earth on December 25, when 
its distance is 56 million miles and its stellar mag- 
nitude — 1-3. Mars is a very prominent object and 
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can be sven all night. Jupiter and Saturn set shortly 
after the Sun, and are unfavourably situated for 
observation. Occultations brighter than magnitude 
6 are as follows, observations being made at Green- 
wich: Dec. 3d. Oh. 57-2m., « Tau. (D); Dee. 3d. 
2h. 16-3m., « Tau. (R); Dec. 7d. 3h. 53-8m., 5 Cnc. 
(R); Dec. 10d. 3h. 25-7m., 44 Leo. (R); Dec. 29d. 
23h. 43-4m., y Tau. (D). D and R refer to dis- 
appearance and reappearance, respectively. The 
Geminid meteors are active during December 9-14, 
but conditions for observation are unfavourable. 
The Ursids are active during December 20-22, and 
conditions are favourable ; the radiant is near R.A. 
14h. 28m., Dec. + 76°. The winter solstice occurs 
on Dec. 21d. 20h. 


Announcements 


Ar the recent Inter-American Course of Physio- 
pathology of Reproduction and Artificial Insemina- 
tion it was decided to form a Latin-American Associa- 
tion for Animal Fertility. The following were elected 
officers of the Association: Permanent Honorary 
President, Prof. T. Bonadonna (Milan); President, 
Prof. A. Hernandez Prado (Venezuela). It is expected 
that sections in the different South American 
Republics will be established. 


Dr. M. R. Potxiock, of the National Institute for 
Medical Research, London, will give the second Rap- 
kine Memorial Lecture on ‘‘La Sécrétion d’enzymes 
par les Bactéries” at 5.30 p.m. on December 2 at 
the Laboratoire d’Evolution des Etres Organises, 
105 Boulevard Raspail, Paris. 


A MEETING on “Theoretical Rheology” is being 
organized by the British Society of Rheology at 
Reading during April 20-21, 1961. Further informa- 
tion can be obtained from Dr. M. F. Culpin, 8 The 
Broadway, Pontypool, Mon. 


THE National Institute of Agricultural Botany is 
holding a Crop Conference at its headquarters in 
Cambridge during December 13-14. Further informa- 
tion can be obtained from the Assistant Director, 
National Institute of Agricultural Botany, Hunting- 
don Road, Cambridge. 


THE eighth annual Western Spectroscopy Con- 
ference will be held at Asilomar, Pacific Grove, 
California, during January 26-27, 1961. Further 
information can be obtained from the chairman of 
the Western Spectroscopy Association, Roland C. 
Hawes, Applied Physics Corporation, 2724 South 
Peck Road, Monrovia, California. 


THE fifth conference on “Carbon”’ is to be held at 
Pennsylvania State University during June 19-23, 
1961. The conference is being sponsored by the 
American Carbon Committee and the Pennsylvania 
State University. Further information can be 
obtained from the chairman of the Executive Com- 
mittee, S. Mrozowski, American Carbon Committee, 
Carbon Research Laboratory, University of Buffalo, 
Buffalo 14, New York. 


A symposium on “Large Capacity Memory Tech- 
niques for Computing Systems”’ will be held during 
May 23-25, 1961, at the Department of Interior 
Auditorium on C Street, between 18th and 19th 
Streets, N.W., Washington, D.C. The symposium is 
sponsored by the Information Systems Branch, Office 
of Naval Research. Further information can be 


obtained from Miss Josephine Leno, Code 430A, 
Office of Naval Research, Washington 25, D.C. 
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THE PAINT RESEARCH STATION 


NEW EXTENSION 


FT HE Paint Research Station at Teddington has 

| grown steadily in size and stature since its 
inception in 1926. A new extension to its already 
considerable premises was ceremonially opened and 
named the Jordan Laboratory on September 20 by 
Mr. E. B. Calvert, chairman of the recently formed 
Paint Manufacturers’ Joint Executive Council. The 
new Laboratory is named, of course, after the founder- 
director, Dr. L. A. Jordan, whose outstanding service 
from 1926 until 1959 is commemorated on a plaque 
unveiled by Mr. Calvert. A further proof of the 
esteem in which Dr. Jordan is held was signalled by 
the presentation to him of the medal of the Research 
Association of British Paint, Colour and Varnish 
Manufacturers, of which the Paint Research Station 
is the instrument. 

The opening ceremony, which was held in the new 
library in the Jordan Laboratory, was attended by 
about two hundred members and guests. At a 
luncheon preceding the opening ceremony, Sir Harry 
Melville, secretary of the Department of Scientific 
and Industrial Research, was the guest of honour 
and spoke of the continuing importance of the 
research association movement. Other distinguished 
guests at the luncheon included Mr. L. Farmiloe, 
president of the National Paint Federation ; Mr. B. J. 
Nicholson, vice-president of the Society of British 
Paint Manufacturers ; Dr. D. W. Hill, chairman of the 
Committee of Directors of Research Associations ; 
Mr. P. J. Gay, president of the Oil and Colour 
Chemists’ Association, and representatives of the 
Organic Coatings Division of the International 
Union of Pure and Applied Chemistry. 

The Jordan Laboratory adds rather more than 
10,000 sq. ft. of floor area to the 25,000 sq. ft. of the 
existing premises. The main feature of the new 
extension, which is a striking building of modern 
design, is a library of some 1,250 sq. ft. on the ground 
floor, with additional book storage in a semi-basement. 
The library—an attractive room furnished in African 
mahogany—and the adjacent staff common room 
may be combined for special occasions (the opening 
day, for example) to form one large assembly hall of 
nearly 2,000 sq. ft. 

The first and second floors accommodate three 
large general-purpose laboratories, a section specially 
designed for microbiological studies, and eight smaller 
rooms (instrument rooms, balance rooms, dark room, 
stores, etc.). There are the usual chemical laboratory 
facilities and services, which are run in ducts along 
the external walls of the laboratories with access for 
further connexions. A feature is the storage of gas 
cylinders on the ground floor for easy access, oxygen, 
nitrogen and air passing to various points in the 
laboratories. The divisions between the pairs of 
large laboratories on each floor are formed with 
demountable partitioning to allow for future altera- 
tions if required. The working area has been con- 


siderably increased by designing the upper floors so 
that corridors have been almost eliminated. 

An extension of the ground-floor area to the side 
of the old building includes a large room (800 sq. ft.) 


intended for paint application and related studies, 
while the sub-basement comprises, in addition to a 
library stock room, additional staff facilities, storage 
and service rooms. 

After the opening ceremony, and for the remainder 
of the week, the entire Station was open to view. More 
than six hundred people used the opportunity to 
inspect the wide range of exhibits covering ever, 
aspect of the work of the Station. 

The main displays in the physics section were of 
studies on electron microscopy, colour perception 
and measurement, adhesion, and accelerated weather- 
ing. The numerous striking electron micrographs of 
pigment particles and the sections of paint films 
aroused much interest, as did the many intriguing 
displays illustrating the physiological basis of colour 
perception. Methods of precise colour measurement, 
and their application to problems of colour matching, 
including practical field tests on industrial colour 
matches, were shown. Various methods of measuring 
adhesion, including the direct pull-off technique used 
at the Paint Research Station, were shown, together 
with results on the effects of the composition of paint 
and exposure to moisture vapour and water. Correla- 
tions (both positive and negative !) between natural 
and accelerated weathering for various types of paint 
films were displayed. 

Physicochemical studies were centred mainly on 
the surface chemistry of pigments, although there 
were several examples of polymerization reactions, 
for example, the polymerization of organo-metallic 
systems and the formation of graft copolymers. 
Techniques for measuring particle size and shape 
figure largely in current activities, and examples 
of the use of these to elucidate such problems as the 
effect on pigment particles of micronizing were 
exhibited. Adhesion tension measurements, adsorp- 
tion studies of polar substances on pigment particles, 
surface-active agents, radiochemical tracer tech- 
niques, electrode potential measurements on paint 
films—all these physicochemical techniques and many 
more were on show and served to demonstrate the 
range and depth of techniques currently used in 
studies on paint. 

Such fundamental! investigations are linked directly 
with practical issues such as milling studies, the pro- 
tective action of paint films against corrosion, and the 
effect of atmospheric pollution on paint durability 
and staining. In the technical laboratories, work on 
these factors was prominently displayed, together 
with other features such as the relation between 
viscosity of a liquid paint film and brushability and 
how the porosity of a substrate affects the adhesion 
of the paint film. 

The work of the organic chemistry section is 
naturally concentrated on the media used in paints, 
that is, the synthetic polymeric resins used as film- 
formers. Current technological interest in water- 
based finishes, whether of the solution or emulsion 
type, was reflected in numerous exhibits. Water- 
soluble resins present special difficulties, because the 
films formed therefrom have afterwards to be water- 
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resistant ; the chemical features controlling such 
factors were illustrated. Practical studies were 
again included ; for example, the effect on the wet 
abrasion resistance of emulsion paint films of using 
volatile coalescent agents to replace partially the 
plasticizer. Detailed studies of the structure and 
analysis of alkyd resins, carried out over the past few 
years, were comprehensively surveyed. Media incor- 
porating drying oils suffer from a tendency to yellow ; 
some of the factors influencing this tendency, such 
as the catalytic action of organic bases and the chemi- 
eal reactions involved, have been uncovered. 

As might be expected from the wide range of 
materials used in paint manufacture, the work of the 
analytical laboratory has to cover an extremely wide 
field. Work on display included analytical schemes 
for white pigments and protective colloids, the appli- 
cation (sometimes in modified form) of standard 
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A SESSION of Sub-section A* (Mathematics) of 
{\ the British Association at the recent Cardiff 
meeting was devoted to consideration of the selection 
and training of computer programmers. It took the 
form of an introduction followed by three short 
lectures and a very brief general discussion. 

Introducing the subject, Dr. J. Howlett (Atomic 
Energy Research Establishment, Harwell) said that 
the electronic computer, although almost a household 
word, is really very new. Its rate of development has 
been remarkable, and it has put into our hands great 
and rapidly increasing logical and arithmetical 
powers ; the use of computers is spreading widely in 
all fields, scientific and otherwise, but it is unlikely 
that their powers are yet fully appreciated or that 
the real nature of the task of programming them is 
completely understood. It is, therefore, only to be 
expected that there are sharp differences of opinion 
about the use and organization of computers and the 
types of person to be employed in connexion with 
them, how to select these people and how to train 
them. 

When setting up a Computing Group, two impor- 
tant questions have to be settled: the relations with 
the establishment it serves, and the amount of 
stratification of the work within the Group. The 
first means deciding towards which of two extremes 
the Group shall tend : towards ‘closed shop’ working 
in which only the members of the Computer Group 
Write programmes, or towards ‘open shop’ when any- 
one who wishes to do so may write his own pro- 
grammes. The second concerns the extent to which 
the different kinds of tasks involved in going from 
the problem expressed in, say, the language of physics 
to a computer programme shall be performed by 
different people; these steps are formal mathe- 
matical analysis, numerical analysis, planning the 
flow or general structure of the programme and, 





finally, the detailed coding. The different tasks make 
quite different demands, and so if there is to be much 
division of labour, staff of several different types will 
be needed. Dr. Howlett suggested that scientific 
establishments tend to favour ‘open shop’ working 
and little stratification, while the reverse applies to 
commercial organizations and computer units tied to 
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techniques, for example, chromatography, to problems 
of paint analysis and the special micro techniques 
developed to study paint blemishes and defects. 

The growing interest in microbiological studies on 
paint has been reflected, as already described, in the 
provision of a special laboratory in the Jordan 
Laboratory. The display concerned identification of 
the various moulds, fungi or algae responsible for 
defects and assessments of the protective action of 
various chemicals against such microbiological attack. 
Special features appertaining to exposure under 
tropical conditions were also shown. 

It is impossible in an article of this length even to 
list all the exhibits ; the above will have indicated, 
however, the fascinating problems involved in paint 
manufacture and application, and the progress made 
at one research centre dedicated to their study. 

L. VALENTINE 


SELECTION AND TRAINING OF COMPUTER PROGRAMMERS 


large engineering enterprises ; and that the latter are 
more inclined than the former to use selection methods 
based on formal aptitude and psychological tests. 
Finally, he referred to the recent developments in 
efficient automatic programming systems which make 
it reasonably easy for the non-specialist to write the 
programmes to do his own work ; in many computer 
units this has resulted in much work being put on 
to the machine by people who could not be called 
programmers at all. This possibility has been brought 
about by the production of more powerful machines 
in the past few years and is certain to continue as 
computer power and the appreciation of this increases. 

Mr. J. J. Foody (Short Bros. and Harland, Ltd., 
Belfast) described the experience and practice in his 
own Company, the field of which is aircraft engin- 
eering. Its computer unit in Belfast uses an English 
Electric Deuce. The staff is grouped into three 
classes: systems analysts, programmers and oper- 
ators. The first are honours graduates who do all the 
essential mathematical work on the problems, taking 
the development to the stage where it can be used 
directly as the basis of a computer programme. 
Those in the second group are generally of pass-degree 
standing; they take over the work of the analysts 
and turn it into a programme, doing all the work of 
flow-charting, coding and testing. The operators (for 
card punching and machine running) need have no 
academic qualifications ; Mr. Foody said they had at 
one time tried to use pass-degree people as operators, 
but the results were unsatisfactory. This led the 
Company to adopt the principle of looking for the 
lowest grade of staff capable of doing any particular 
type of work—over-qualified people become dissatis- 
fied and look for a change. Programmers should have 
the ability both to see the essentials of a problem and 
to attack it in a logical and orderly manner ; the Com- 
pany therefore uses in its selection process problems 
intended to test these qualities, as for example 
variations on the classical coin-weighing problem, 
questions on the connexions for a simple circuit or 
the analysis of some familiar numerical process such 
as the digit-by-digit method for extracting a square 
root. Experience in recruiting young people has 
suggested that failure to grasp fundamentals is often 
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a fault of the teaching rather than of the person. 
Mr. Foody commented that the search for suitable 
staff had been made difficult by the shortage of 
mathematicians, particularly numerical analysts, in 
Northern Ireland. 

For training, new recruits are given first an intro- 
duction to the kind of work done in the computing 
group, which covers a very wide range; this is 
followed by instruction in the simpler techniques of 
programming, and they are then left for about two 
weeks to study the programme manual, working out 
examples so far as possible on their own. After this 
they are taught more about the logical structure of 
programmes, with particular emphasis on the ideas 
of loops and sub-routines and from then onwards 
take up progressively more difficult ‘live’ work. A 
lot of emphasis is put on the need to keep proper 
records of all work done and the importance of neat 
and orderly paper-work. Mr. Foody concluded by 
saying that he considers the quality of management 
to be of vital importance in a computing group. 
Good management will not only ensure that the 
group is well organized and run, but also that the 
power and value of high-speed computation are made 
clear to all those who might benefit. 

Mr. P. V. Ellis (International Computers and 
Tabulators, Ltd.) described the method of selection 
and training used in his Company, which makes 
computing, data processing and accounting machinery 
on a large scale. Programming to them means a wide 
range of activities, including service to customers to 
help with the use of existing machines, provision of 
assembly, interpretative and related programmes, 
detailed appraisal of projected machines in advance 
of any construction and assistance in the logical 
design of new machines. 

Primary selection is made by interview and formal 
aptitude tests. A candidate successful at this stage 
embarks on a training course, but may at any stage 
of this be declared unsuccessful if it has become clear 
that he is not going to reach the required standard. 
The tests, the form of which has been evolved over 
several years, are administered by a professional 
organization ; they do not call on factual knowledge, 
but are intended to test observational powers and 
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ability to think quickly and logically. They include 
problems in arithmetic, in the detection of faults jn 
statements, in the application of selection rules, jn 
logical inference and in logical deduction from getg 
of statements. Existing staff are used as a control, 
and Mr. Ellis said that the distribution of scores jg 
satisfactorily stable. Candidates are assessed object. 
ively by these tests and subjectively by personal 
interviews held before the results of the tests are 
known; agreement is usually good, and if there js 
any disagreement it is the usual practice to reject the 
candidate. 

Training starts with a residential course lasting 
five weeks, new people being taken on in groups so 
that a class of ten or so can be formed. There are 
lectures, written papers and various co-operative 
activities. Those who complete the course satis. 
factorily move into different groups in the Company 
and continue training on ‘live’ work, each with an 
experienced member of the staff as mentor until they 
can stand on their own feet. The Company con- 
siders that the contacts made during the training 
course are of very great value in helping new people 
to acclimatize themselves to their new environment 
and to gain confidence. 

Mr. H. Devonald (Ferranti, Ltd.) said that the 
comments he had heard during the interval suggested 
to him that many in the audience were unfamiliar 
with the ideas of programming and that he proposed, 
therefore, instead of further accounts of selection and 
training methods, to explain the essential points by 
means of a simple example. He then showed how one 
constructed a programme to solve a general quadratic 
equation, reading the coefficients from tape and 
printing the roots; he used the notation of the 
Pegasus auto-code. 

In the brief discussion which closed the meeting, 
the principal speaker was Dr. A. D. Booth (Birkbeck 
College, University of London), who emphasized the 
importance of a constant mathematical awareness in 
all computing work. He instanced the difficulties one 
can get into by attempting to solve a partial differ- 
ential equation by finite-difference methods without 
having @ proper understanding of the mathematics 
of the process. J. How Letr 
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PHYSICAL CHEMISTRY OF AEROSOLS 


IRBORNE clouds of small particles, or aerosols, 
are so widespread in Nature and arise in so 
many phases of modern industry that their study 
brings together a large group of physicists, chemists, 
meteorologists and engineers, each, of course, with 
his own special interests but all concerned with the 
generation, dispersion, sampling, counting, sizing, 
structure, composition, growth and aggregation of 
small particles. Such a heterogeneous ensemble 
aggreg ited in Bristol during September 13-15 to 
sample twenty-four well-dispersed papers at a dis- 
cussion arranged by the Faraday Society, under the 
chairmanship of its president, Sir Harry Melville. 
Broadly, there were four main topics for discussion : 
the nucleation of liquid and solid particles from the 
vapour phase ; the coalescence, growth, evaporation 
and stabilization of liquid droplets; chemical re- 
actions involving aerosols ; and light-scattering by 
aerosols. 


After some introductory remarks by Dr. R. 
Lessing, the symposium opened with a review by 
Dr. J. W. Dunning (University of Bristol) of the 
Volmer—Becker—Déring theory of homogeneous con- 
densation and of various experimental studies of the 
phenomenon. Dr. Dunning was of the opinion that 
the results of expansion-chamber experiments had 
provided acceptable confirmation of the theory, but 
that condensation in expanding jets provided a more 
convenient and reliable technique of investigation. 

Dr. B. J. Mason (Imperial College of Science and 
Technology, London) described some recent studies 
of homogeneous and heterogeneous nucleation of 
water aerosols involving vapour—liquid, supercooled 
liquid-solid and vapour-solid transitions. He under- 
lined the limitations of the Volmer theory of homo- 
geneous condensation and did not consider that this 
had been adequately tested and confirmed by exper'- 
ment. He next discussed the growth of water droplets 
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on ions and on hygroscopic nuclei and their relevance 
to cloud physics. There followed a description of his 
recent work on heterogeneous and homogeneous 
nucleation of supercooled water droplets, of the 
efficiency of natural and artificial ice nuclei in relation 
to their crystalline and surface structure, and of the 
formation of ice crystals by direct sublimation from 
the vapour. 

Dr. N. H. Fletcher (University of New England, 
New South Wales) had applied the Volmer theory of 
heterogeneous nucleation to calculate the conditions 
under which ice nuclei would form on a perfect 
spherical particle. Curves were presented showing 
the temperatures at which nuclei could be expected 
to form at the rate of one per second in a water- 
saturated atmosphere on particles of various radii 
and forming various angles of contact with the ice 
embryo. These results were then used to calculate 
the maximum number of silver iodide nuclei produced 
from 1 gm. of the material which would be active at 
various temperatures. In the discussion which fol- 
lowed, doubt was expressed concerning the validity 
of this treatment, which did not recognize that 
nucleation of ice on silver iodide and other substances 
occurs preferentially at surface imperfections. 

Phase changes involving salt-vapours were the 
subject of a paper by Dr. E. R. Buckle (Imperial 
College of Science and Technology, London), who 
described his observations of condensation, growth 
and evaporation of liquid and solid particles of alkali 
halides in a high-temperature cloud chamber. It 
appears that for a wide variety of substances (for 
example, metals, ionic salts, water) condensing and 
crystallizing homogeneously, the maximum attain- 
able degree of supercooling is almost exactly 15 per 
cent of the melting temperature. Interesting informa- 
tion on the structure and growth of particles formed 
by the vaporization of metals in air was provided by 
the electron- and X-ray diffraction and electron 
microscopy work of J. Harvey, H. I. Matthews and 
H. Wilman (Imperial College of Science and Tech- 
nology, London). 

In the final paper bearing on nucleation phenomena, 
Prof. F. P. Buff (University of Rochester, N.Y.) 
examined, from the point of view of molecular hydro- 
statics, the Gibbs theory of capillarity which calculates 
the higher terms in the asymptotic expansion of the 
free energy with respect to the geometrical parameters 
of the system, and provides a criterion for the break- 
down of macroscopic thermodynamical concepts for 
small aggregates of molecules. In Buff’s analysis there 
appear two tensions rather than a single surface free 
energy, and he argues that Gibbs’s formulation is 
correct only in the (practically important) case when 
these two tensions are equal. 

In the next group of papers, dealing with the 
growth, evaporation and coalescence of drops, Dr. 
D. P. Benton (Battersea College of Technology, 
London) and Dr. G. A. H. Elton (British Baking 
Industries Research Association, Chorleywood, Herts) 
presented experimental evidence for coalescence 
between micron-size water droplets colliding in highly 
turbulent air being affected by the addition of 
electrolytes and ionic surface-active agents to the 
water. The hypothesis is that these modify the 
structure of the surface electrical double layer, the 
existence of which is normally a barrier to the 
coalescence of two colliding drops. Discussion centred 
on the importance of this for the stability of non- 
turbulent water fogs where hydrodynamic forces 
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prevent collisions between such small droplets, and 
on whether an appreciable electrical field would exist 
outside the surface double layer. 

Dr. R. M. Schotland (New York University) had 
carried out experimental work on the coalescence of 
falling drops, 200-800. in diameter, with large liquid 
hemispherical targets. He claimed that the coales- 
cence mechanism was governed by two dimensionless 
parameters which, surprisingly, did not include the 
viscosity of the fluid separating the two liquid 
surfaces. 

Measurements of the growth-rate of water droplets 
condensing on hygroscopic nuclei as a function of the 
humidity, temperature and velocity of the sur- 
rounding air stream were described by Dr. W. L. 
Dennis (Chemical Defence Experimental Establish- 
ment, Porton Down). Experimental results for drops 
of 0-3-1:0 mm. diameter agreed within about 20 per 
cent, with theoretical values derived from the 
standard equations for the growth of ventilated drops 
containing dissolved salts. 

A remarkable experiment designed to measure the 
long-range diffusive forces between water drops and 
solid particles was described in a paper by Prof. P. 8. 
Prokhorov and L. F. Leonov (U.S.8.R. Academy of 
Sciences, Moscow). The authors claim to have meas- 
ured repulsive forces of order 10-* dyne between a 
l-mm. evaporating water drop and a glass sphere of 
similar size attached to one arm of a torsion balance, 
and to have shown that the magnitude of the force 
varies inversely as the square of the distance between 
them. 

The influence of a foreign surface film on the 
evaporation of liquid drops, in particular its effect 
on the condensation coefficient, was discussed 
theoretically in papers by Prof. B. V. Derjaguin, 
S. P. Bakanov and I. 8. Kurghin (U.S.8.R. Academy 
of Sciences, Moscow) and by Dr. P. G. Wright 
(University of St. Andrews). Some measurements on 
the stabilization of water mists containing droplets 
of 2-20u radius by insoluble monolayers were pre- 
sented by Dr. H. S. Eisner, B. W. Quince and C. 
Slack (Safety in Mines Research Establishment, 
Buxton). The addition of about 0-1 per cent of fatty 
alcohols to the water increased the lifetime of the 
drops several hundredfold. 

The importance of aerosols in catalysing chemical 
reactions in the atmosphere was brought out in two 
papers. Dr. R. D. Cadle and Dr. R. C. Robbins 
(Stanford Research Institute, California) had applied 
chemical kinetic theory to calculate the rates of 
heterogeneous chemical reactions involving aerosols, 
and compared the theory with experimental results 
for the systems nitrogen + ammonia + sulphuric 
acid and air + water + nitrogen dioxide + sodium 
chloride. A. C. Chamberlain, Dr. A. E. J. Eggleton, 
W. J. Megaw and J. B. Morris (Atomic Energy 
Research Establishment, Harwell) had investigated 
the rate at which radioactive iodine vapour in con- 
centrations of less than 1 ugm./m.* was adsorbed on 
atmospheric nuclei, and demonstrated that this must 
be allowed for in the design of systems for removing 
radioactive iodine from reactor shells. 

The next three papers, on light scattering by 
serosols, provoked a lively discussion. E. Matijevi¢, 
Prof. M. Kerker and K. F. Schulz (Clarkson College 
of Technology, New York) described how, using 
silver chloride aerosols, they had obtained excellent 
agreement between the polarization ratio from light- 
scattering measurements and that calculated from 
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the particle-size distribution and theoretical scattering 
functions. Since the light-scattering itself was insen- 
sitive to particle-size distribution over the range 
studied (r = 200-800 my) the particle size could not 
be determined from light scattering, but there was 
an optimum size-range around 55 my for which this 
was possible. Prof. F. K. Gucker and R. L. Rowell 
(Indiana University) had succeeded in determining 
the light-scattering diagrams of single aerosol droplets 
by first charging and suspending them in an electric 
field, illuminating them with monochromatic light 
and measuring the light scattered into a photometer 
over the are 40-140° from the direction of illum- 
ination. Good agreement was obtained with cal- 
culations based on the Mie theory. The effect of 
particle separation on the light-scattering properties 
of monodispersed spheres was investigated by Prof. 
S. W. Churchill (University of Michigan), G. C. Clark 
(Continental Oil Co., Ponka City, Oklahoma) and 
C. M. Sliepeevich (University of Oklahoma) by meas- 
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uring the transmission of light through a hydrosol of 
latex spheres as a function of the particle concep. 
tration. According to their measurements, optical 
interference between the particles is negligible when 
their average separation exceeds 1-7 particle dig. 
meters. 

The wide scope of the conference was epitomized 
in the last two papers, representing meteorology and 
fuel technology. Dr. C. L. Hosler and Dr. R. §. 
Hallgren (Pennsylvania State University) described 
how the aggregation of small ice crystals was affected 
by their shape, and particularly by the air tem. 
perature; Dr. R. H. Essenhigh and Dr. I. Fells 
(University of Sheffield) presented a mathematical 
theory of the combustion of liquid and solid aerosols, 

The conference enjoyed the generous hospitality 
of the University of Bristol and the excellent facilities 
of the new Queen’s Building. One’s main regret was 
that the Russian contributors were not there to present 
and discuss their four papers. B. J. Mason 
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PHYSICS OF SEMICONDUCTORS 


N international conference on the physics of 

semiconductors, sponsored by the International 
Union of Pure and Applied Physics and arranged by 
the Czechoslovak Academy of Sciences, was held in 
Prague during August 29-September 2. In recent 
years this has become a biennial conference, the 
previous one having been held in Rochester, New 
York (Nature, 108, 1067; 1958), in August 1958, 
and it is proposed that the next of the series should 
be in Britain in 1962. The present conference showed 
clearly that semiconductor physics still represents a 
very active and indeed an expanding field of research. 
It is, of course, unwise to judge only by the numbers 
of papers submitted or by the number of physicists 
attending the conference; but this gives some 
indication, and was supported by the fact that new 
ideas emerged and many new and exciting develop- 
ments were reported. Indeed, the chief problem 
which had to be faced by the organizers was that of 
selecting from the large number of papers submitted. 
Approximately 265 papers were selected for inclusion 
in the conference proceedings, of which only about 
half were actually read. The geographical division 
of these papers is of some interest ; approximately 
110 originated in the United States, 40 in the U.S.S.R., 
22 in Germany, 20 in Great Britain, 15 in France, 
14 in Czechoslovakia, 9 in Poland and 7 in Japan, 
the remainder being distributed over a large number 
of participating nations. 

The number of physicists attending was much 
larger than for any previous conference of the series, 
being nearly 750. As a result, it was necessary to 
divide the conference into four parallel sessions, three 
of which were run on the normal pattern of papers 
followed by discussions and one using rapporteurs 
followed by discussion. In the former, translations 
into Russian, Czech and English were available, 
though the English translations were frequently very 
difficult to follow. The chief drawbacks of the con- 
ference arose from its large size, there being many 
overlapping papers of interest, and it is hoped that 
future conferences will revert to a smaller and more 
intimate form. 


It is impossible in the space available even to 
mention all the interesting topics discussed at the 
conference, and only a few of the highlights can be 
selected that left the most vivid impressions in the 
memory. Introductory papers were given by (the 
late) A. F. Joffe and by W. Shockley. The former 
stressed the urgent need for a new theoretical ap- 
proach to the problem of low-mobility semiconductors 
for which conventional theory based on a nearly per- 
fect crystalline lattice is clearly inapplicable, the mean 
free path for current carriers being comparable with 
the lattice spacing. Various discussions based on 
‘electron hopping’ were later given; but it is clear 
that a lot more work is required before these processes 
are as well understood as transport phenomena in 
high-mobility semiconductors. Later in the con- 
ference Joffé discussed some of the difficulties 
associated with the understanding of thermo-electric 
phenomena in semiconductors. In his introductory 
paper Shockley discussed a wide variety of phenomena 
associated with avalanche breakdown in p- junctions 
induced by high electric fields, and introduced some 
new theoretical ideas which might lead to a better 
understanding of these complex phenomena. 

Discussion of transport phenomena again domin- 
ated the conference, there being no less than 48 
papers submitted on this subject, dealing mostly 
with silicon and germanium, which remain the 
basic semiconductors for the study of fundamental 
phenomena. C. Herring (United States) reviewed 
developments in the theoretical formulation since 
the Rochester conference and directed attention to 
some recent clarification of the difficult problems 
associated with multi-phonon scattering, and of scat- 
tering of carriers in the presence of strong magnetic 
fields. Two interesting new experiments on transport 
stood out. The first was described by W. Shockley 


and K. Hubner (United States) in which an n—p-" 
structure was used to demonstrate phonon drag on 
electrons. Some electrons given momentum by an 
electric field applied in one n-type region pass into 
the p-type region where they are scattered, producing 
phonons with a preponderance of momentum !n 
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the same direction ; these diffuse into the second 
type region producing an observable e.m.f. through 
making collisions with electrons. The second experi- 
nent, described by T. P. McLean and E. G. 8S. Paige 
Great Britain), consisted of demonstrating by means 
{measurements of drift mobility at low temperatures 
m important drag effect of the majority carriers on 
he minority carriers. A number of papers dealt 
sith the variation of mobility with temperature and 
twas clear that in spite of the large amount of work 
arried out in this field there are still aspects of it 
shich are not properly understood. A considerable 
number of papers dealt with ‘hot’ electrons produced 
iy strong electric fields. 

‘Perhaps the outstanding new development reported 
st the conference was the use of the phenomenon of 
uantum-mechanical tunnelling, discovered by L. 
fsaki, as a tool for the study of some of the funda- 
nental properties of semiconductors. By a coimbina- 
ion of theory with the study of the voltage-current 
haracteristics of ‘tunnel’ diodes, it was shown by 
rR. N. Hall (United States) that much valuable 
nformation may be obtained on the phonon energies 
sociated with the band edges of semiconductors 
uch as germanium, and also possibly on polarons in 
partially polar semiconductors such as the 3-5 
compounds. There was, however, some doubt cast, 
particularly by E. O. Kane (United States), on some 
aspects of the interpretation of the experimental 
data. 

The optical properties of semiconductors again 
gave rise to a considerable number of papers (45 if we 
include photoconductivity), and, as at Rochester, a 
discussion of excitons played a prominent part. 
The experiments of S. Nikitine (France) and of 
E. F. Gross and his colleagues (U.S.S.R.), particu- 
larly with cuprous oxide, seem now to be well under- 
stood in terms of the theory of R. J. Elliott (Great 
Britain), an excellent example of international 
co-operation. The paper by Gross and his colleagues 
stressed, however, that there is still no convincing 
direct evidence for exciton transport though its 
deduction from theory is beyond doubt. They 
described various optical effects which they have 
observed in cuprous oxide and which are a conse- 
quence of the fact that an exciton is free to move. 
(The form of the exciton spectra in indirect transitions 
in germanium and silicon reported at Rochester are 
also a consequence of the freedom of the exciton to 
move.) Optical effects in magnetic fields discussed 
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by B. Lax (United States) and others have continued 
to provide a powerful tool for the investigation of the 
band structure of semiconductors. Work on the 


ERGONOMICS 


CONFERENCE on ergonomics in industry, 
A organized by the Department of Scientific and 
Industrial Research, was held in the Connaught 
Rooms, Great Queen Street, London, during Septem- 
ber 27-29. It was attended by more than three 
hundred representatives of some two hundred indus- 
trial firms. ‘The purpose of the conference was to 
explain the features of ergonomics, to describe some 
of the ways in which it has already been applied to 
industry, and to discuss the possible ways in which 
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lattice vibrational spectrum of semiconductors is 
becoming of first importance, and interesting new 
results were reported by F. A. Johnson (Great Britain). 
In particular it is of considerable theoretical interest 
that the 7'.A. mode in 3—5 compounds such as indium 
antimonide has a low energy at the zone edge as for 
silicon and germanium. Surprising new effects in the 
absorption associated with the reststrahl band in 
gallium arsenide were also reported by Johnson. 
Emission of radiation due to inter-band transitions 
with various phonon combinations reported for silicon 
by J. R. Haynes, B. Lax and W. F. Flood (United 
States) and for germanium by Benoit a la Guillaume 
and QO. Parodi (France) threw new light on these 
processes, especially when taking place by means of 
an impurity centre, and also provided very accurate 
values for various energies associated with the phonon 
spectrum. Further information on the band struc- 
ture of germanium-silicon alloys and of a number 
of 3-5 compounds was obtained from the accurate 
measurement by J. Tauc (Czechoslovakia) of optical 
reflectivity in the visible and near ultra-violet 
regions of the spectrum. In particular, fine struc- 
ture was observed which could be interpreted as 
due to the spin-orbit splitting of the valance band 
at the zone edge. At the other extreme, photocon- 
ductivity was reported in indium antimonide in a 
magnetic field at 1-7° K., by R. A. Smith (Great 
Britain), extending throughout the far infra-red 
spectrum to wave-lengths beyond 2,000u. 

A considerable number of papers was devoted to 
the study of ionic crystals and this widened consider- 
ably the scope of the conference. In the sessions on 
new materials, the 3-5 compounds received a good 
deal of attention, but organic semiconductors were 
also discussed by C. G. B. Garrett (United States) 
and an interesting group of defect compounds 
such as In, Te; by V. P. Zuze and his colleagues 
(U.S.S.R.). 

Perhaps the most mysterious phenomenon discussed 
without reaching a satisfactory explanation was the 
occurrence of oscillations in n-type germanium and 
indium antimonide carrying a current in a longitu- 
dinal magnetic field. These appear to be due to 
plasma effects and were described by P. Aigrain 
(France) in terms of ‘helicons’. Such topics for argu- 
ment gave spice to what was in any event a very 
stimulating and thought-provoking conference, which 
was concluded by an excellent summary of the high- 
lights by J. Tauc. This summary was of the greatest 
help in preparing this report. The conference papers 
will be published by the Czechoslovak Academy of 
Sciences in due course. R. A. Smit 


IN INDUSTRY 


further use of ergonomic techniques and ideas could 
be promoted. 

Sir Harry Jephcott, chairman of the Council for 
Scientific and Industrial Research, introducing Lord 
Hailsham, Minister for Science, who formally opened 
the conference, said that it was the logical develop- 
ment of a meeting held in March 1959 in Zurich 
organized by the European Productivity Agency, 
and entitled “‘Fitting the Job to the Worker’. At 


Zurich there were three groups, representing manage - 
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ment, trade unions and research workers. In the 
present conferenxe, he said, industry had provided 
by far the largest group, although the trade unions 
were also represented. The research workers were 
there to present papers and to answer questions, but 
it was not primarily a scientific congress with discus- 
sion between scientists; the scientists’ job was to 
tell their story, and the industrialists on their side 
were required to comment and to criticize, to try to 
find out how far the findings and the ideas of the 
research workers were useful or potentially useful to 
the industrialists. 

In addition to a series of papers, there was a number 
of exhibits demonstrating application in particular 
fields provided by the Medical Research Council, 
General Post Office and several research associations 
and centres of the Department of Scientific and 
Industrial Research, notably the British Iron and 
Steel Research Association, the British Boot, Shoe 
and Allied Trades Research Association, the 
Road Research Laboratory, and the Building 
Research Station. An exhibit on seating had been 
arranged by the Physiological, Anatomical, British 
Psychological and the Ergonomics’ Research 
Societies, together with the Furniture Development 
Council. 

The papers at the conference were presented under 
the headings of “‘What Ergonomics Means’’, ‘“The 
Place of Ergonomics in Industry”’, ‘““Ergonomics and 
Production’, “‘Ergonomics in the Post Office and 
in the Steel Industry’, ““Ergonomics and Products” 
and the ““Future of Ergonomics’’. 

The term ‘ergonomics’ means the study of the laws 
of work, and more specifically the study of the 
relationships between the worker and his environ- 
ment. Such a study embraces a very wide field, and 
involves research derived mainly from physiological, 
psychological and anatomical studies. Up to the 
present, the Armed Forces have provided the chief 
field of study, although the term ‘personnel research’ 
has been used to describe the work. Although many 
of the problems affecting the worker can be described 
as primarily physiological, such as extremes of heat 
or cold, or psychological (namely, the presentation 
of information), or anatomical (namely, the anthro- 
pometric data required to design a work space), 
there are very few cases in which a single-discipline 
study is adequate. This means that a multi-disciplin- 
ary approach is necessary, and the techniques and 
methods required to develop such an approach are 
one of the basic problems of ergonomics. However, 
the problem does not end at this point, since it is 
clear that engineering aspects are equally important. 
Without a knowledge of the engineering problems 
involved, a solution can be put forward which is 
either impracticable or exceedingly expensive. At 
the conference a number of speakers, both in pre- 
senting papers and in discussions following papers, 
emphasized the need to view the problem and its 
proposed solution in the total setting of industry, 
that is, to include the worker relationship and trade 
union views, management and economic aspects. 
It was generally agreed that there is a need to bring 
biology into industry, but this requires that a 
proportion of engineers, especially those concerned 
with the design of equipment, and production engin- 
eers, should have some undergraduate instruction in 
biology. Equally, biologists require a knowledge and 
understanding of the complex nature of industrial 
problems. 


NATURE 


November 19, 1960 


VOL. 188 


Dr. A. Y. Wisner, who is head of the Physiologica) 
Section of the Renault Factory in France, illustrate; 
many of these points. He has had to become familiar 
with the problems of design of motor-cars, with ¢}, 
engineering and production difficulties involved, a 
well as the economic aspects. He regards himself a. 
an adviser who must not overlook the fact tha; 
important and decisive design or economic considera. 
tion must have their place in considering require. 
ments for the comfort and safety of the driver 
Furthermore, unless the biologist is involved at ¢}, 
beginning of a design study, it is unlikely that }, 
can make a useful contribution, as even apparent) 
small alterations in, for example, the position ani 
angling of pedals can involve expensive re-tooling 
and extensive re-design. 

The importance of engineering was also brought 
out in a paper by Mr. W. T. Singleton, who was until 
recently head of the Ergonomics Department oj 
the British Boot, Shoe and Allied Trades Research) 
Association. The sewing machines used in the shoe 
industry have a simple mechanism for starting and 
stopping, using a clutch and a continuously rotating 
fly-wheel. This type has been in use for fifty years 
or more; but details of the operator’s work have 
changed, becoming in general more complicated. 
Experiments showed that this form of power trans. 
mission is not suitable for producing controlled 
speeds other than the maximum, and with the mor 
complex tasks the machinists could not always 
stitch at maximum speed. This apparent paradox 
was solved by the skill of the machinist in achieving 
slower than maximum speeds by flicking the clutch 
on and off at about 3 cycles/see. The skill required 
to do this to produce a particular speed was consider. 
able and took time to learn. A variable-speed power 
transmitter was required, and this needed consider. 
able engineering development before it could bk 
produced in large numbers. A laboratory model was 
made and a comparison made with the standard 
machine. The results showed that operators with no 
machinery experience performed better using the 
variable-speed control than did skilled machinists 
using the orthodox control. In the factory there 
was an improvement in speed of 10-15 per cent. This 
information made it possible to calculate the financial 
benefit of the new system, an essential factor, as 
there are about 100,000 machines of this type in 
Britain. The improvement was clearly worth while, 
and hence it was considered justifiable to embark on the 
engineering study needed to produce a new‘machine. 

Three industries in which ergonomics already plays 
a considerable part are the General Post Office. 
London Transport and the steel industry. Papers 
were given describing the effects of heat in a steel 
mill, essentially radiant heat which, as Dr. R. F. 
Hellion said, cannot be cured by ventilation, as one 
cannot blow away radiation. There are three ways 
in which a severe heat situation can be combated: 
by reducing the level of work so that heat-loss 
balances heat-production, or by working at a normal 
rate and taking frequent rests to cool off, or by reduc- 
ing heat stress so that normal working is not impeded. 
The last is clearly the desirable method, but the usual 
practice in industry is to combine the first and second 
Dr. Hellon then outlined possible ways of relieving 
the heat stress. 

Dr. L. G. Norman described the way in which th 
cab of the new ‘Route Master’ bus has been designed 
by a team which included medical officers, trad 
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logical wnionists and engineers. Others joined the team at familiar problem of communication was frequently 
strate jifferent times to advise on seating, ventilation, mentioned as one of the reasons for the delay in 
familiar sosition of controls and the muscular forces required applying biological research to industry. The 
rith the HH io operate them. Among the problems was the lack _ biologists were advised that industry must not be led 


ved, as of anthropometric data relating to bus drivers, so to expect that solutions to all its problems are within 
nself as # .alculations had to be based on published measure- immediate grasp, and the industrialist was advised 
ct that H ments of National Service recruits. The need to that research workers are not good salesmen, but that 
usidera. increase the range of anthropometric data was did not mean they did not have valuable services to 
equire- MH 4¢ressed by other speakers, including Dr. J. 8. offer. 


driver. § Weiner, assistant director of the Medical Research There is, therefore, a strong probability that there 
at the @ Council’s Unit on Climate and Working Efficiency. will be a considerable demand from industry for 
that he The discussion after the papers was in general lively, biologists and biological advice. The difficulty will 
arently H and there were many useful criticisms. The now _ be in supply. O. G. EDHOLM 
on and 

tooling 


rought 


iS unt ULTRACENTRIFUGATION OF BIOLOGICAL MACROMOLECULES 


ent of 
—_ HERE were about a hundred participants from sidered various ways of using the analytical ultra- 
~ Gite several countries at the informal meeting on centrifuge in the measurement of diffusion constants 


ng and ultracentrifugation organized on behalf of the of macromolecules. Papers on the sedimentation of 
—s Faraday Society at Birmingham during September charged macromolecules were presented by Prof. 
_ Years @ 14-15. Prof. K. O. Pedersen (Uppsala) gave a stimu- K. O. Pedersen and Dr. R. G. Wallis (Medical 
< have lating historical introduction. Papers by Dr. J. M. Research Establishment, Porton). 

reated. BH Creeth (Lister Institute, London) and Dr. H. G. A new recording device for the ultra-violet absorp- 
ee Elias (Zurich) considered thermodynamical aspects tion was discussed by Drs. J. B. Th’Aten and A. 
trolled # of the sedimentation of multicomponent systems, Schouten (Rijswijk, Netherlands), while Dr. I. 
* more @ while Dr. M. Gehatia (Frankfurt am Main) discussed Wiedmann (Basle) described a new schlieren optical 
always various methods of evaluating S and D constants system. Drs. P. A. Bianchi and K. V. Shooter 
radox Ht from the shape of the gradient curve of ultracentri- (Chester Beatty Institute, London) considered the 
—- fugation. Dr. G. A. Gilbert (Birmingham) described study of the sedimentation characteristics of deoxy- 
cluteh his theory concerning the analysis of moving bound- ribonucleic acid by the ultra-violet system. 

uired # sries in reversibly aggregating systems ; examples of Application of zone-centrifugation to the analysis 
woe application being provided in papers by Drs. of human serum proteins was described by Dr. D. R. 
power @ § N. Timasheff and R. Townend (Philadelphia) and Stanworth, Prof. J. R. Squire and Mr. K. James 
. by Mr. K. A. Cammack (Medical Research Establish- (Birmingham). Drs. P. Johnson and A. Albert 
db ment, Porton). A paper by Drs. A. J. Rowe and _ discussed the sedimentation characteristics of human 
el was Dr. P. Johnson (Cambridge) considered the inter- serum macroglobulins. 


<i ation of actin and myosin by ultracentrifugal A suggestion by Prof. K. O. Pedersen that sedi- 
: < studies. mentation coefficients should be referred to 25° C. 
5 Dr. P. A. Charlwood (Medical Research Council, rather than 20° C., as is becoming the practice in the 


nists # Mill Hill) reviewed trends in the determination of United States, evoked considerable discussion, but 
there molecular weights of macromolecules from transient no final decision was taken. 

This state measurements in the ultracentrifuge and Dr. Prof. K. O. Pedersen, Dr. A. S. McFarlane (Medical 
ncial fH. G. Elias (Zurich) discussed the various methods of Research Council, Mill Hill) and Dr. R. A. Kekwick 
", & 9 determining the experimental values used in the acted as chairmen and Dr. P. Johnson summed-up 


hae, Archibald expression. Dr. G. Triixler (Munich) con- at the end of the proceedings. D. R. STaNwOoRTH 
e, 
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me MIGRATION OF MARINE ORGANISMS 

steel 

i LATIN American symposium on migration of cipated, from the following countries: Argentina, 

: one {\ marine organisms was held at Guayaquil, Brazil, Chile, Cuba, Ecuador, Mexico, Peru, Uru- 

wavs Ecuador, from June 27 until July 1. It was organ- guay. The Unesco Science Co-operation Office for 

ted: § ized jointly by the Unesco Science Co-operation Latin America was _ represented by Dr. Angel 

loss § Office for Latin America and the University of Establier. 

rma) § Guayaquil. The programme of the meeting was as follows: 

duc- It was the fifth of the series of meetings on marine (1) migration of marine organisms, namely (a) fish, 

ded. sciences which the Office has held since its foundation (6) invertebrates, (c) cephalopods, (d) birds, (e) other 

sual in 1949. The previous meetings had, like the Guaya- vertebrates; (2) study of environmental factors 

ond quil one, the double character of symposium and causing migration, (a) oceanographic factors, (6) 

ving @ Working-party session. They were held at Concepcién, biological factors; (3) standardization of methods 
Chile, in 1954; Sao Paulo, Brazil, in 1955; Monte- for studying migratory phenomena, with the view of 

th mar, Chile, in 1956; and Montevideo in 1957. comparing results; (4) establishment of regional 

med Dr. Enrique Rioja (Mexico) was elected chairman programmes for work on migration of aquatic popula- 

race of the symposium and Dr. Hugo Ferrando (Uruguay) tions; (5) general discussion of other problems 





acted as secretary. Thirteen marine scientists parti- related to migration of marine organisms. 
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At the conclusion of the symposium, six recom- 
mendations were unanimously approved by the 
participants. First, considering that the study of the 
migration of marine organisms by its very nature 
requires a joint effort on the part of the countries 
concerned, regional action was recommended. The 
following delimitation of problems common to a 
number of countries was made with a view to their 
being undertaken regionally : Argentina, Brazil and 
Uruguay: Thunnidae, Scombridae, Clupeidae (Sar- 
dinella sp.), Galeorhinidae (Galeorhinus vitaminicus) 
and Mugilidae (Mugil sp.); Chile and Argentina : 
Merluccidae (Merluccius sp.), Decapoda (Macrura— 
““Langostinos’”—Shrimps and “Langosta’” de Juan 
Fernandez) ; Peru and Chile : Thunnidae (Neothunnus 
macropterus), Engraulidae (Engraulis sp.), Scombroi- 
dae (Sarda sp.) and Decapoda (Munida sp.) ; Peru, 
Ecuador and Colombia : Thunnidae (Katsuwonus sp.) 
(Neothunnus macropterus), Decapoda (Macrura— 
“‘Langostinos”’); Mexico, Caribbean and coast of 
Venezuela : Thunnidae (Katsuwonus sp., Thunnus 
sp.), Centropomidae (Centropomus sp.), Decapoda 
(Macrura—Panulirus sp. and Penaeidae—Penaens 
sp.). 

Secondly, it was recommended that information 
be exchanged between Argentina and Chile covering 
research results and methods used in work on the 
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principal species of Merluccius. Thirdly, marking 
trials should be held in conjunction with studies on the 
biological cycle of the species (growth, reproduction, 
alimentation, etc.) with the view of relating migration 
and the different phases of life of individuals. 
Similarly, the importance of the study of environ. 
mental conditions emphasized at the meeting of the 
Unesco Marine Sciences Working Party, held at 
Montevideo during May 22-24, 1957, was underlined. 

In view of the importance of movement and mixture 
of different bodies of water, it was expressly recom. 
mended that Argentina, Brazil and Uruguay should 
study the northern and southern limits and fluctua. 
tions respectively of subantarctic and subtropical 
waters and also the origin of the water of the coastal 
region. It was hoped that similar work might be 
undertaken for the south-east Pacific area in the 
fairly near future. 

Unesco was also asked to interest the Governments 
of Latin America in helping this type of scientific 
work, which is an indispensable basis for a proper 
knowledge of the renewable resources of the sea. 
Finally, it was recommended that the next marine 
sciences meeting to be organized by the Unesco 
Latin American Science Co-operation Office should be 
divided into two sections: ‘abiotic oceanography’ 
and ‘marine biology’. 
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ABSOLUTE DATING OF THE MIDDLE ORDOVICIAN 


By Pror. J. A. S. ADAMS and J. K. OSMOND* 


Department of Geology, William Marsh Rice University, Houston, Texas 


AND 


Dr. G. EDWARDS and W. HENLEt 


Shell Development Co., Houston, Texas 


NUMBER of recent papers have amply empha- 

sized the need for absolute dating of geological 
samples which meet two essential] requirements: 
(1) occupy an unambiguous position in the classical 
stratigraphic column; (2) contain unaltered mineral 
conducive to age determination by the well-established 
stable-isotope methods. 

This communication presents additional results from 
our work!? on the dating of the Middle Ordovician 
and discusses the factors which must be considered 
when sufficient data become available to consider 
revision of existing geological time-scales. 

Several years ago, G. Hamill? made a petrographic 
and geochemical study of bentonites, particularly of 
the fine, euhedral zircon found in low concentrations 
(one part in 20,000-40,000). This work and the 
results of further experiments have consistently led 
to the belief that the zircon was indigenous to the 
volcanic ash falls which gave rise to the bentonite beds. 
The bentonites occur as beds in fossiliferous marine 
deposits, and hence their positions in the stratigraphic 
column are usually unambiguous, so that zircons in 
bentonite clearly offer an excellent possibility of 
ascribing absolute ages to the geological time-sequence 
of marine deposits. 


* Present address: Geology Department, Florida State University, 
Tallahassee, Florida. 


+ Present address: Shell Development Co., Emeryville, California. 


The bentonites also contain biotite, generally in 
greater concentration than the zircon. In 1958 we 
published preliminary age determinations by the 
rubidium-strontium method on biotites of Devonian 
and Ordovician age which were later cited by K. I. 
Mayne, R. St. J. Lambert, and D. York in an article 
in which they proposed a much more radical revision 
of the Holmes time-scale than was suggested by our 
results. In our original publication, we stressed the 
fact that these measurements were of a preliminary 
nature and that the experimental error could probably 
be reduced by a study of the zircon in bentonites. 

During the past year, samples of pure zircon and of 
zircon with small amounts of monazite and apatite, 
in quantities of about 1 gm., were obtained from 
several bentonites. Zircons from four bentonites were 
chosen for age determination because they occurred in 
relatively high concentration, and because the strati- 
graphic position of occurrence was well established’. 

Microscopic examination showed that the zircons 
were euhedral, and none exhibited rounding of the 
crystal edges or overgrowths that would be incon- 
sistent with a pyroclastic origin. The zircons were 
commonly associated with subhedral biotite flakes, 
euhedral apatite, sanidine and euhedral quartz. The 
appearance of the quartz was consistent with a high- 
temperature morphology (positive and negative 
rhombohedra with little or no development of prism 
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ces). In no case was a mineral (for example, garnet 
or kyanite) observed that was inconsistent with a 
pyroclastic origin. 

“The results of isotope measurements on lead and 
the amount of uranium in the zircon from the Ordovi- 
cian bentonites are shown in Table | 














Table 1 
Sample number, Concentra- Lead-isotopic composition 
location, and tion* | (per cent) 
stratigraphic position |(10-*gm./gm.) 
Pb  U | 204 206 207 208 

GH-22 Alexandria, | 
Tenn., Carters 
Limestone, Stones 34-5 320 | 0-387 64-680 9-585 25-347 
River group 
GH-7 Vonore, Tenn., 
Bays Formation 29-7 314 | 0-277 70-762 8-239 20-722 
GH-24 Dowelltown, | 
Tenn., Carters } 
Limestone, 26-7 317 | 0-157 75°317 6855 17-670 
Stones River group 
GH-17 N — 
Tenn., Carters | 
Limestone, Stones | 27:2 335 | 0-219 72-220 7-396 20-165 
River group | | 
* Lead and uranium by isotopic dilution. 


In all cases, the amount of common lead present as 
indicated by the presence of lead-204 was more than 
11-5 per cent of the total. 1 gm. of zircon was used for 
each experiment, and repeated experiments have 
shown contamination by common lead in the labora- 
tory to be consistently less than 0-8 ywgm. All the 
zirecons contained more than 26 pgm. lead, and hence 
the experimental contamination is thought to have 
contributed about one quarter of the common lead 
observed to be present in sample GH-24 and a lower 
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fraction of the common lead in the other experiments. 
It is reasonable to assume that at least the major 
portion of the common lead observed was incorporated 
in the zircon at its time of crystallization. 

On the basis of isotope data for oceanic lead by 
T. J. Chow and C. C. Patterson’ and with computation 
in the way described by C. B. Collins, R. D. Russell, 
and R. M. Farquhar® for the rate of change of the 
lead isotopes with time, we estimate average ratios of 
the isotopes of common lead in Middle Ordovician 
time as: 


204 206 207 208 
1 18-260 15-675 38-490 


Lead in sanidine present in the bentonites may ulti- 
mately yield more pertinent information than this 
approximation of the actual isotopic composition of 
common lead in these zircons. 

The above estimates, together with the isotopic 
data of Table 1, were used as described by A. O. Nier, 
R. W. Thomson, and B. F. Murphey’ to obtain the 
ages shown in Table 2. Radioactive decay constants 
of 1-537 x 10-1° and 9-72 x 10-1° yr.-1 were used for 
uranium-238 and mans neeg F respectively. 


Table 2. Isotopic AGES IN MILLION YEARS 
Sample number Uranium-238/lead-206 Uranium-235/lead-207 
GH-22 452 + 10 483 + 20 
GH-7 453 + 10 471 + 20 
GH-24 446 + 10 478 + 20 
GH-17 438 + 10 452 + 20 


Subtraction of the isotopes of common lead from 
the measured isotope concentrations involves 4-11 
per cent of the total 206 isotope and 36—64 per cent 
of the 207 isotope. The uranium-238/lead-206 ages are 
consequently less affected by the assumed common 
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lead isotope ratios than are the uranium-235/lead-207 
ages. The discordance in ages based on uranium-238 
and on uranium-235 may be accountable in this way, 
but may represent one of the forms of discordancy 
discussed by G. W. Wetherill®. 

As is common, when the uranium-238/lead-206 age 
is not in close agreement with the uranium-235/lead- 
207 age, the lead-207/lead-206 age is still more dis- 
cordant. In the absence of more accurate information 
on the composition of common lead in these zircons, 
we regard the uranium-238/lead-206 age as the best 
approximation of the mineral age. 

Recently, H. Faul and G. R. Tilton carried out age 
measurements on zircon and biotite from a bentonite 
in Alabama beds which were stratigraphically very 
close to those of the Tennessee samples reported here. 
We are greatly indebted to them for permission to 


include their data (Table 3) in this article. The 
uranium-238/lead-206 age computed by them is 


within 0-5 per cent of the average of that for the 
Tennessee samples. In all respects their measure- 
ments are, within experimental limits, corroborative. 


AND BIOTITE FROM 


ALABAMA 


AGE DETERMINATIONS ON ZIRUON 
CARTERS LIMESTONE BENTONITE, 


Concentrations in 10-* gm./gm. 


U-238 


Table 3. 


Zircon* 
Radiogenic lead 
Pb-207 Pb-208 

1-124 3-103 


U-235 Pb-206 
2-24 19°24 
Isotopic composition of lead 


Pb-204 Pb-206 Pb-207 Pb-208 
Observed 1-000 391 37-27 97-57 
Correct for a 1-000 667°3 53°35 141-7 


Isotopic = in m 
38/Pb- 306 -235 ye 207 Pb-207/Pb-206 
446 






464 550 (+ 40) 
Biotitet Rb-87/Sr-87 age is 475 4 40 m.y. (Rb-87 = 86-0, 
Rb-85 = 217-8 x 10-* gm./gm.; radiogenic Sr-87 = 
0-568 x 10-* gm./gm. with radiogenic Sr-87/total 
Sr-87 = 0-149 and half-life = 5-0 x 10° years). 
Biotitet Radio- Radio- 
Age in K genicf genic Ar-40 Locality 
m.y. per cent§ A-40 Total [Ar 0 
420 6-94 0-232 “8 Pyne 
0-233 ° 90 Mine 
Wenonah 
6-23 0-209 0-77 No. 8 
0-207 0-85 Mine 


* G. R. Tilton (private communication); thorium determination 
failed; the corrections and calculations are as made by George R. Tilton, 
Geophysical Laboratory, Carnegie Institution of Washington. 


+ G. R. Tilton (private communication). 
t H. Faul (private communication). 


§ Potassium determined on Perkin-Elmer flame photometer by 
W. W. Brannock and P. L. D. Elmore, U.S. Geological Survey. 


“ In 10-* gm./gm. as determined by isotope dilution by H. Faul and 
H. H. Thomas, U.S. Geological Survey. 


Shortly after the preliminary rubidium-87/ 
strontium-87 ages referred to previously were pub- 
lished in 19581, several authors made use of these and 
other data to interpolate and extrapolate to other 
geological periods in an effort to establish substitutes 
for the Holmes scale. The premature proliferation of 
various time-scales is unfortunate, because it confuses 
the many persons who are interested in the results, 
but who are not conversant enough with all the 
geological and experimental details to choose among 
the various scales or to reject them all. These pro- 
posed scales all assign ages to the beginning of each 
geological period. 

Samples suitable for age measurement seldom occur 
at the boundaries of the geological periods, and inter- 
polations of the experimental data to yield period 
dates involves the additional uncertainty of estimating 
the rate of sedimentation in the various periods and 
localities. As more data become available, interpola- 
tion of boundary ages of the geological series will 
become more reliable. 


Of the data discussed here, we 


638 


regard the average of the consistent uranium-238 
lead-206 ages (447 10 m.y.) as the most reliable for 
the Middle Ordovician (Stones River and Bays for- 
mation) time in Tennessee and Alabama, for both 
experimental and stratigraphical reasons. 

We are of the opinion that only after many measure- 
ments have been conducted on samples from the 
various geological periods and have proved to be 
consistent will it be prudent to try to devise a new 
geological age-scale. 

Two of us (J. A.S. A. and J. K. O.) received financial 
support from the Robert A. Welch Foundation in 
all the geological and mineralogical aspects of this 
work. One of us (J. K. O.) received financial support 
from the Petroleum Research Fund of the American 
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Chemical Society. We repeat our indebtedness to 
Drs. H. Faul and G. R. Tilton for their permission to 
publish their results in this article. 
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OBSERVATIONS OF EARTH—IONOSPHERE CAVITY RESONANCES 
By M. BALSER and C. A. WAGNER 


Lincoln Laboratory *, Massachusetts Institute of Technology 


N 1952, Schumann!,* published a detailed descrip- 
I tion of the resonant modes to be expected for the 
concentric spherical cavity bounded by the Earth 
and the lower region of the ionosphere. For such a 
cavity with perfectly conducting walls, the resonant 
frequencies should obey the relation : 


fe = fin] POS} (1) 


with a fundamental-mode frequency f,; = 10-6 c./s. to 
be expected for a cavity the size of the Earth. 

The ionosphere is, however, a rather poor conductor, 
and it is furthermore quite difficult to estimate the 
losses to be expected for oscillations of these extremely 
low frequencies, because of the tremendously varying 
ionospheric conditions of electron density and 
collision frequency in the regions penetrated by the 
field*. These losses result in a relatively low value of 
Q (the ratio of resonant frequency to frequency separa- 
tion of the half-power points) for the mode, and the 
question has been raised as to whether it is indeed so 
low that it would be difficult to measure the spectrum 
at all. Another effect of the low value of Q is a shift 
in the resonant frequency. A general result in the 
theory of resonant cavities‘ gives : 


tsa o-§) 


as an approximation to the peak frequency f of a 
mode which would have a resonant frequency /f, in a 
perfectly conducting cavity. This expression would 
no longer be accurate for the very low values of Q 
to be expected in the Earth-ionosphere cavity, but 
should serve to indicate that the actual peak fre- 
quency of the fundamental mode may be considerably 
lower than 10-6 c./s. 

It may be assumed that the cavity is continually 
being excited by lightning strokes all over the world. 
To the extent that radio noise at these frequencies is a 
result of such excitation, the power spectrum of the 
noise should show peaks with frequencies and values 
of Q corresponding to the various resonant modes. 


* Operated with support from the U.S. Army, Navy and Air Force. 


There has been some indication that variations in the 
vertical electric field below about 20 c./s. are largely 
local in origin® (for example, moving clouds, pollution 
of air by combustion products), which would further 
inhibit the observation of cavity effects. 

An earlier attempt* to observe cavity effects of 
modes of higher order with frequencies greater than 
60 c./s. produced some suggestive results, but they 
were not statistically significant. It was therefore 
decided, despite the problems just mentioned, to 
attempt to observe the cavity effects on the spectrum 
of radio noise at and just above the fundamental 
frequency. 

As in the previous attempt*, it was planned to 
produce the final results by simulated spectrum 
analysis on a digital computer. For this and other 
reasons, it was decided to record the raw data digitally 
in such a format that the original tape recorded at the 
field site could be read directly into the Lincoln 
Laboratory IBM 709 computer for processing. 

The equipment used to record the radio noise was 
assembled at a field site in Ipswich, Mass. A block 
diagram is shown in Fig. 1. The (receiving) antenna 
was a 120-ft. metal tower which, of course, responded 
to variations in the vertical electric field. The signal 
was passed through a low-pass filter which cut off 
at about 75 ke./s. to prevent strong radio-frequency 
fields from overloading succeeding stages. A cathode 
follower was then used to reproduce the signal at a 
lower impedance-level. This was followed by an audio 
filter which cut off at about 35 c./s. and was designed 
to have a minimum at 60 c./s. to minimize interfer- 
ence by power lines (none was ever observed following 
this filter). The filtered signal was then fed into an 
audio amplifier. All this equipment was powered by 
batteries and was located directly at the base of the 
antenna. The frequency response of the system, 
measured by replacing the antenna with a signal 
generator of like impedance, is shown in Fig. 2. 

The signal was conducted into the building which 
contained the recording equipment through an 
insulated shielded cable. In order to eliminate ground 
return currents which would result from the small 
potential difference between the ground at the antenna 
and the ground at the building, an amplifier with unity 
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gain was used to sense this potential difference and 
maintain the recording equipment ground at the 
potential of the antenna ground. Finally, the signal 
was sampled 90 times per sec. and the voltage was 
then converted to a six-bit number, that is, one of 
it levels, and recorded on IBM magnetic tape. 
Since the highest effective frequency in the signal was 
less than 45 c./s., no information is lost in the sampling 
process except for the small quantization error. 

The day which was chosen for making these obser- 
vations, June 27-28, 1960, appeared to be most 
favourable for minimizing undesired effects. The 
sky was absolutely clear, the humidity was low (for 
New England), and the air was fairly calm (straight, 
sharp jet-vapour trails indicated 
that this was also true at higher 
levels). Atmospheric interference 
n the high-frequency band seemed 
quite low for the summer-time. 

_ Recordings of the extremely low- 
frequency radio noise of duration 
slightly longer than 12 min. were 
taken on an average once every 
2 hr. around the clock for the 
day indicated. Also recorded for 
test purposes were sine waves of 
various frequencies in the pass- 
band, produced by an oscillator 
which was substituted on those 
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on an oscilloscope. A typical sample of the recorded 
noise is given in Fig. 3. The only exceptions to 
this apparently random wave-form were large 
impulses (which corresponded to nearby light- 
ning disturbances heard on high-frequency) which 
saturated the pen recorder and the digital recorder 
for periods of up to a second. These increased in 
frequency of occurrence and intensity during the 
night and diminished again the next day, although 
not quite to the level of the previous day. Apart 
from these bursts, no wave-forms different in charac- 
ter from that shown in Fig. 3 were ever seen. (This 
contrasts with findings of Schumann and Ké6nig’,', 
who have reported observing signals of sinusoidal 
character with frequencies near 8 or 9 c./s. on similar 
paper recordings. Some differences in the shape of 
their pass-band (principally due to a notch filter they 
used to eliminate 16% c./s. interference) may help 
explain the disparity in observed wave-forms.) 

The filtered radio noise signal was compared on an 
oscilloscope with a calibrated 10 c./s. oscillator, and 
the root mean square noise voltage was estimated 
to be about 20 mV. 

A programme was written for the IBM 709 com- 
puter (largely adapted from the one written for the 
earlier attempt*), which read in a 12-min. block of 
noise signal from the original tape and, in effect, 
passed it through a 1 c./s. filter, then squared and 
integrated the output to give the power in that 1 
e./s. band. This was done for all integral frequencies 
between 5 and 34 c./s. and the results were multiplied 
by a correction factor to compensate for the system 
response of Fig. 2. 

In mathematical terms, the computer simulated 
a narrow-band filter the impulse response of which 
is given by : 
0<t<1 (3) 


h( f,t)]= sin wt 
= 0 elsewhere 


2rf and f is an integral frequency between 
The frequency response of this filter 


where @ 

5 and 34 c./s. 
is given by : 

sin’x(f’ — f) 

ly f)|* = — sore 4 

Oy" = a ad 

and is shown in Fig. 4 as the solid curve. The peak 

at the centre would be at the frequency f, and the 

nulls occur at all other integral frequencies. If we 
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THEORETICAL 
RESPONSE 


© 102” SINE WAVE 


Pid) 





“ ira 


t (c/s) 


Fig. 4. Theoretical frequency response (solid curve) of 1 c./s. 
filter used in processing. Points are results of processing a sine 
wave of about 10-2 c./s. 


call the input signal 2(¢), then the output of this 
filter is : 


t 
y(f,t) | x(t) sin w(t — t)dt (5) 
=} 
t t 
/ \ 
=(fars) cos wtdt ) sin wt — (f xz) sin wrdt) cos wt 
t-1 t-1 
The power in this band is then estimated from : 
T 
PU) = fy saya (6) 
0 


where T = 720 sec. The computer performs all of 
the operations indicated on the input tape, substitut- 
ing sums over the sample points for integrals. 

The integration process just outlined reduces the 
fluctuations in the estimate of power P(f), which is 
a random variable derived from the sample function 
x(t), so that smaller differences in mean power may be 
discerned. By a calculation analogous to that 
presented in ref. 6, it can be shown that the standard 
deviation o(P) is given by : 


o(P) 2 7 
EP) ~ V3Tw (7) 


where E(P) (the quantity we seek) is the mean value 
of P, W is the 1 c./s. band-width of the filter, and 7' 
is the integration time of 720 sec. (This equation was 
erroneously given as being smaller by a factor 4/2 
in ref. 6.) It can therefore be expected that random 
fluctuations slightly larger than 4 per cent of the 
mean power (+ 0-18 db.) will appear in the computed 
spectra, and considerably larger deviations may be 
accepted as significant spectral structure. 

In order to test the system, a sine-wave signal of 
about 10-2 ¢c./s. was recorded and processed. The 
results are the points shown in Fig. 4. (More accurately, 
each point is the result of centring the filter on the 
frequency indicated below it and finding the response 
at 10-2./s. Due, however, to the symmetry between 
f and f’ in equation (4), the points should all lie on the 
response curve centred at 10-2 c./s.) It can be seen 
that the system operates as expected. A further 


result of these tests indicates that the recorded radio 
noise is nearly 30 db. above the system noise, so that 
the latter should not be a consideration in the results. 

Ten records of noise were obtained which could 
be properly processed. Two representative spectra 
resulting from this processing are shown in Fig. 5. 
The power, as stated earlier, is computed only at 
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integral frequencies. These points are joined by 
straight-line segments for ease in reading them, not 
to suggest the actual shape of the spectrum.) The 
records were taken around 4.20 p.m. E.s.7. and 
3.50 a.m. E.sS.T. The mode structure of these spectra 
is immediately obvious (as it is on all the remaining 
records processed), with the power differences being 
much larger than the predicted statistical fluctuations. 
The only systematic difference that could be observed 
among the records is the behaviour below the lowest 
mode frequency. As already observed, the night. 
time records were characterized by more frequent 
and stronger lightning bursts. These would saturate 
the recorder for periods of a fraction of a second to a 
second, and would naturally appear as strong ep. 
hancements of the spectrum in the region of a few 
cycles. The very large enhancement observed in 
Fig. 5 (broken line) at 5 c./s. (and undoubtedly down 
to ybout 1 c./s.) is representative of the regular 
iaiitas and subsequent decrease in close correspon- 
dence to the previously noted lightning activity. 

Fig. 6 is a composite of all ten processed records. 
It therefore represents two hours of integration, 
although the individual 12-min. periods are taken from 
all parts of the day rather than continuously. The 
random fluctuations are smoothed out even further, 
and in this case the points are joined by a smooth 
curve that is an attempt to suggest the probable 
shape of the spectrum. No attempt is made to follow 
the points below the dominant mode where the 
behaviour is systematically variable, as discussed in 
the preceding paragraph, and where the sum there- 
fore does not constitute further smoothing. 

The resultant spectrum is smooth enough to be 
read to + 0-1 c./s. on the original curve, and the 
peak frequencies were determined for each of the 
five modes in the range. These are listed in Table 1. 
Estimates can also be made of the Q of the cavity for 
each of the modes. The fundamental mode has 
Q = 4, and the value increases regularly (although 
it is difficult to obtain accurate estimates) until for 
the fifth mode, Q » 6. 
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Fig. 5. Typical spectra of recorded noise (scale of P is linear). 
Full line, day-time record ; broken line, night-time record 
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Table 1 

i ] na ] 
i | fn (c./8.) Vv { ale +1) pS x Jn(c./s.) | 
a 
2 4-1 8-14 | 
3 20-3 8-29 
‘ 26-4 8-35 
§ 32-5 





| 3 8°39 
! | 


Note added in proof. The frequency 7:8 c./s. for 

the first peak was actually obtained from a more 
detailed examination of the results, carried out after 
the submission of this article, in which the simulated 
filters had a bandwidth of 1/3 c./s. and were separated 
in frequency by that amount. The points in Fig. 6 
are insufficient to determine the first peak to within 
(1 ¢./s., and an earlier estimate of 8-0 c./s. was 
obtained from some of the individual records relatively 
free of corrupting impulse noise at the lower fre- 
quencies. 
Except for the low value of f,, the results seem to 
be quite consistent with the predicted behaviour. 
The frequency progression is about what is expected 
9 


from equation (1). The quantity a/ | ao X Sos 


which from (1) should be f,, is also given in Table 1. 
As can be seen, these values are close to the funda- 
mental frequency but tend systematically to increase 
with x. This is just the behaviour to be expected, 
since Q is also increasing with n and the values f, are 
therefore decreased proportionately less at the higher 
frequencies. 

It is of interest to recall a marginal observation 
made in the earlier work* but rejected because of 
insufficient supporting evidence. There seemed to 
be some indication there of modes at frequencies of 
about 63, 69, 75, 81 and 87 c./s. with Q ~ 10. These 


TI HE quantitative aspects of electron microscopy 
have been examined recently by a number of 
authors'-? and it is generally agreed that accurate 
measurements of mass-thickness, that is, the product 
of thickness and density of the specimen, can be 
made only on specimens for which the contrast in 
the electron-microscope image is proportional to the 
mass-thickness (w). (Contrast is here defined as 
In(I,/I), where I, and I are respectively the intensities 
of the electron beam incident on the specimen and 
that received at the image plane.) The maximum 
limit (wjm.) of the range within which In(Z,/J) is 
proportional to w is therefore of importance, since 
its value for given operating conditions of the electron 
microscope governs the choice of specimens suitable 
for quantitative work. 

Values of wim. have been deduced on theoretical 
grounds, based essentially on the point of transition 
from single to multiple electron scattering as the mass- 
thickness of a specimen increases. Experimental 
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values extrapolated back to a fundamental frequency 
of about 8-5 c./s. In the light of the present (stronger) 
evidence, it seems quite probable that the earlier 
result did in fact constitute an observation of the 
continuation of the series of modes reported here. 

An incidental result may be noted in connexion 
with the remarks on the nature of radio noise below 
20 c./s. From the depth of the valley below the 
lowest mode on some of the records, for example, 
Fig. 5 (full line), it seems likely that, at least under the 
conditions of these measurements, the noise due to 
local charge fluctuations in the air does not become 
dominant until below 5 c./s. 

In conclusion, it should be mentioned that while 
these observations seem to confirm the stable, round- 
the-clock structure of the Earth-ionosphere cavity 
modes, they were, after all, made all in one day at 
one place. Since the properties of the modes (peak 
frequency and Q) depend on the nature of the lower 
ionosphere, it is easily conceivable that there are 
effects that were missed in these observations. There 
is certainly room for further work, both experimental 
and theoretical, to obtain a better understanding 
of this phenomenon. 

We thank J. V. Harrington and W. B. Davenport, 
jun., for suggesting this problem. We are also grateful 
to R. Cherry, who carried out the machine computa- 
tions, to R. E. Gay, who implemented the analogue- 
to-digital conversion equipment, and to J. W. Craig, 
who designed the audio filter. 
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THEORETICAL LIMITING THICKNESSES FOR SINGLE SCATTERING 
IN ELECTRON MICROSCOPY 


By Dr. N. R. SILVESTER and Dr. R. E. BURGE 
Wheatstone Physics Laboratory, University of London, King’s College, Strand, W.C.2 


results!,*-! produced by measurements on the 
variation of image-contrast with w show that for a 
variety of operating conditions values of In(J,/J) 
up to 3 and values of w in the range 0-100 pgm. cm.-* 
are within the range where the contrast is directly 
proportional to the mass-thickness of the specimen. 

Theoretically the situation is rather confused. 
At the present time, two theories of electron scattering 
are in current use, due to Leisegang’* and Lenz!* 
respectively. Leisegang’s theory is restricted to a 
consideration of elastic scattering only, while Lenz 
treats both elastic and inelastic processes. The. two 
elastic scattering theories are fundamentally the 
same, since they are based on the same quantum- 
mechanical treatment (for example, Bohm"). Using 
these two theories of scattering, essentially three 
different theoretical definitions of wjjm, have been 
proposed, giving values of the limiting thickness 
which differ considerably from one another both in 
magnitude and in physical implication. 
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It is the purpose of this article to point out 
the discrepancy in magnitude between the experi- 
mental results and the theoretical estimates of w)jm., 
to review the definitions of w)jm, and to discuss which 
of them is physically the most satisfactory, to correct 
errors which have arisen in the literature in the 
calculation of some of the theoretical values, and to 
suggest a system of symbols for the theoretical para- 
meters, since there is no accepted notation ‘in this 
field of study. 

The relation between contrast and mass-thickness 
under single-scattering conditions is simply expressed 
by the equation : 


In(J,/1) = Sw (1) 


where S is the effective scattering cross-section per 
gram of the material. For scattering by a single 
(amorphous) element, S is related to the correspond- 
ing atomic cross-section, o, by the equation : 


oN 4 > 
_ (2) 


Ss = 


where N, is Avogadro’s number and A is the atomic 
weight of the material. The theoretical value of 
Wiim. above which S in equation (1) is no longer 
independent of w, is given by the value of w beyond 
which the theoretical basis of equation (2) (that is, 
single-scattering conditions) is no longer valid. 

In this article elastic scattering cross-sections 
will be denoted by the subscript EF or e, inelastic 
by J or i and the sum of the two by T or ¢. Capital 
letters indicate the results of integrating the dif- 
ferential cross-sections over all possible scattering 
angles (0 .<90<7), and small letters indicate 
integration from a lower limit of the objective- 
aperture semi-angle, «. 

For example : 


OT = OF oJ (3) 
mm 
= (= 2 sin6 d@ (4) 
dQ 
doy, F ” 
oy = 2 sin# dé (5 
. oa 
0 
S, = Se + 8; (6) 


The values of wim. based on the definitions given 
by various authors and evaluated for carbon and an 
accelerating potential of 50 kV. on the basis of either 
the Leisegang or Lenz theory are given in Table 1. 
The definitions are considered separately below. 

The first three values of wim. in Table 1 are based 
essentially on the same definition of the Aufhellungs- 
dicke or ‘transparency thickness’ due to von Borries'S 
and represent (apart from the factor 0-53 in the third 
value) the values of w in which the mean number of 
elastic scattering acts per electron is unity (that is, 
for material of unit density the mean free path for 
acts of elastic scattering). The factor 0-53 has 
recently been introduced by Zeitler and Bahr* to 
produce a value of wij. within which not more than 
10 per cent of the incident electrons are scattered 
elastically more than once. The values of wim. in 


Table 1 obviously differ considerably according to the 
definition adopted, and show only an order-of-magni- 
tude agreement with the experimental values already 
quoted. 
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The von Borries definition can only be valid when 
elastic scattering is much more important than 
inelastic and predicts a value of wim, which is inde. 
pendent of the objective aperture. Since the elastic. 
scattering theories predict that Sz ~ S, for the usual 
apertures in electron microscopy (10-* <« < 10 
radian), the dependence on aperture can be neglected 
on this definition. Lenz’s theory, which deals with 
inelastic as well as elastic scattering, predicts that for 
high Z, Se S;, but that for low Z, for example, 
organic specimens, S,; ~ Sj. This means that, jn 
general, the restriction of a definition of wi. to the 
value of 1/Sg cannot be maintained. However, it js 
important to examine the values of 1/Sz given on the 
basis of the Leisegang and Lenz theories in order to 
explain the apparent discrepancy between the values. 
The discrepancy is at first sight disturbing, since both 
theories have a common basis in quantum mechanics, 

The difference between the values of 1/Sz arises 
partly from a different choice of approximation to 
the electronic charge distribution of the scattering 
atom. The value of og is proportional to the mean 
squared radius of the distribution, denoted by 6/Z 
(ref. 13) or 6R? (ref. 12). Lenz, using Hartree wave 
functions, gives @ = 9-10 (ay)*Z''* for carbon, 
whereas Leisegang uses the expression R = agZ-3 
(that is, @ = 6 (aq)*Z'/*). The values of 06 thus 
differ by a factor of 1-52, while the remaining dis- 
crepancy can be accounted for as follows. 

Differential scattering cross-sections are often 
expressed in terms of a characteristic scattering angle, 
Zo (refs. 17, 12) or 6, (refs. 13, 2, 6), and og is propor- 
tional to ae If 4 is the wave-length of the scattered 

Xo 
electron, then : 


Xo = A/2nR (7) 
which reduces, using the Leisegang approximation 
for R, to: 


te = De SV" (8) 


where § is the ratio of the velocity of the electron’to 
the speed of light. The expression which appears’ in 
Leisegang’s paper” is : 


4o = 0°-48Z154/1 — 8/8 (degrees) (9) 


whereas on re-calculation we find that the numerical 
constant has the value 0-418. Leisegang (personal 
communication) agrees with us, and finds he had 
carried over a numerical error from the earlier paper 
of Moliére'’. The result is that theoretical cross- 
sections calculated on the basis of equation (8) (see, 
for example, Bahr', Zeitler and Bahr*.*, De and 
Sadhukhan"*) are about 30 per cent too small. 
Combined with the factor 1-52 mentioned above, this 
explains the difference between values of Sz derived 
from Leisegang’s paper’? and those derived from 
Lenz’s work’. 

Another error has been the occasion of differences 
between Lenz’s published values and those calculated 
by others (refs. 3, 19, 5, 20) from his expressions. 
In his equation for cg, there appears the term 
@/ay*, where aq = h?/me* is subject to relativistic 
variation through the mass, m, of the _ incident 
electron. The value of @ is also expressed in terms 
of ay*, but in this case aq is merely a convenient 
length (the Bohr radius of the hydrogen atom) and is 
invariant. By cancelling out aq in the Lenz expres- 
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sion, one thus loses a factor (> 1) which becomes 
increasingly important at higher accelerating voltages. 
Leisegang’s theory has not been liable to this error, 
because the relativistic variations always appear 
explicitly in the equations. 

The two possibilities of including both elastic and 
inelastic scattering in a definition of the limiting value 
of w for single scattering, namely, 1/S7 and 1/S;, 
have both been used!*,’. While 1/S7 is a logical and 
rigorous extension of von Borries’s definition for elastic 
scattering and gives a valid limit for the accurate 
measurement of differential cross-sections (the sub- 
ject of Haine and Agar’s paper), it can bear little 
relation to the effect of scattering on the image- 
contrast, since most electrons, if inelastically scat- 
tered, still reach the image plane under normal 
conditions. This raises the question whether, in 
considering the effect of plural scattering, deflexions 
through all angles should be given equal weight ; an 
electron which is inelastically scattered through an 
angle much smaller than « and is then scattered 
through (probably) a larger angle is_ effectively 
singly scattered so far as the image contrast is 
concerned. 

The above kind of argument explains why inelastic 
scattering is ignored in defining a critical thickness 
for conditions in which S; <S-, although inelastic 
scattering, and multiple scattering in the rigorous 
sense, are still undoubtedly taking place. If this 
procedure (that is, the neglect of scattering processes 
with deflexions smaller than «) can be justified, a 
similar case must exist for neglecting the total 
inelastic cross-section (calculated for «—>0) when 
finite apertures are used. Thus when inelastic scatter- 
ing has to be taken into account, a reasonable course 
would be to use S; in estimating its effect, and to use 
1/S;, rather than 1/S7, as a measure of critical thick- 
ness. This course appears to have been followed by 
Cosslett?, since he mentions a critical mass-thickness, 
ve, given by x = 1/u, where uw corresponds to our 
S, The value of 1/S; is the theoretical mass-thick- 
ness, in which the mean number of scattering acts 
per electron with a deflexion greater than « is unity. 
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Table 1. DEFINITIONS AND VALUES OF THEORETICAL LIMITING 
THICKNESSES FOR C AT 50 KV. 
Definition Scattering 
Author lim theory | Clim. (ug. cm.~*) | 
von Borries (ref. | 
15 1S¢ Leisegang | 21:7 
von Borries (ref. 
15 1/Sz Lenz 11-2 
Zeitler and Bahr } 
(ref. 2) | 0°53/S¢ Leisegang 11-5 
Haine and Agar 
(ref. 16) 1/Sr Lenz | 1°38 | 
Cosslett (ref. 3) 1 St Lenz* | 8:3 | 
| | 
* Using valaes of R = 0°529Z""A., a 5 x 107° sation 


It appears to us that the logical theoretical defini- 
tion of the critical thickness for single-scattering in 
electron microscopy is 1/S;, which takes both elastic 
and inelastic scattering into account, converts into 
the von Borries definition at high Z or large-aperture 
angles where S; ~ S, and includes the effect 
of variation of aperture on the number of electrons 
which reach the final image plane. 

We thank Prof. J. T. Randall 
discussion. 
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PROTEIN CATABOLISM 
By Dr. HARRY WALTER 


Radioisotope Service, Veterans Administration Hospital, Brooklyn, New York 


\IGNIFICANT progress has been made in recent 
years in determining the mechanism involved in 
protein biosynthesis'-*. This process has been shown 
to depend on the enzymatic formation of activated 
amino-acids (as amino-acyl adenylates) and on their 
transfer to soluble ribonucleic acids. A highly efficient 


(although incompletely understood) incorperation of 


these amino-acids bound to soluble ribonucleic acids 
into protein in the microsomes then takes place. On 
the other hand, relatively little attention has been 
given to protein catabolism. It is still not established 
whether protein catabolism involves a reversal of the 
steps known to occur in protein biosynthesis or 
proceeds by an entirely different mechanism. It is 


the purpose of this article to show how the results of 


several investigations bearing on protein catabolism 
in higher organisms which have been variously inter- 
preted actually support the thesis that an amino- 


acid derivative is an intermediate degradation pro- 
duct of protein. Such a mechanism not only explains 
the experimental data cited but is also particularly 
attractive because of its energy-conserving nature, 
and because, as mentioned above, amino-acid deriva- 
tives have been demonstrated as intermediates in 
protein biosynthesis‘. 

The experimental results of Whipple and co- 
workers® were interpreted by postulating an inter- 
mediate in the breakdown of one protein and the 
biosynthesis of another. These investigations showed 
that when serum proteins containing carbon-14 
lysine were injected intravenously into dogs, 30-40 
per cent of the radioactivity, still in the form of 
lysine, was incorporated into the tissue and organ 
proteins without appreciable loss of activity as 
carbon-14 dioxide in the expired air. When similarly 
labelled proteins were fed to dogs, a high content of 
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carbon-14 dioxide was expired. Whipple concluded 
that the mechanism of transfer of carbon-14 from 
labelled plasma protein to organ protein did not 
involve breakdown to free amino-acids, but rather 
proceeded by protein cleavage only to the polypeptide 
stage. The organ proteins were formed by the 
subsequent re-assembly of these peptides. 

In pursuing the problem of the mechanism involved 
in the transfer of labelled amino-acids from one 
protein to another, Francis and Winnick* and 
Friedberg and Walter’? attempted to inhibit the 
transfer of amino-acids from one protein to another 
by flooding the system under study with large amounts 
of unlabelled amino-acids. It was found that the 
formation of newly labelled protein from labelled 
administered protein could not be decreased or 
inhibited by this method. Loftfield and Harris* 
have interpreted the above results*,” on the basis that 
exogenous (injected or fed) and endogenous (derived 
from protein degradation) amino-acids do not readily 
reach equilibration. The formation of intermediates 
other than free amino-acids in the breakdown of one 
protein and the synthesis of another would, however, 
be in harmony with the observations‘? and with the 
interpretation of Loftfield and Harris already men- 
tioned. Such degradation products, far from readily 
reaching equilibration with free amino-acids, would 
also be preferred precursors in the synthesis of new 
protein. It is of interest to note in this connexion 
that it has been demonstrated that a considerable 
part of newly synthesized protein is derived from the 
breakdown products of endogenous protein®. 

More direct experimental evidence for inter- 
mediates in protein degradation comes from the work 
of Simpson® and from that of Steinberg and 
Vaughan"*, They demonstrated that the release of 
radioactivity from labelled proteins in rat liver slices 
was depressed by anaerobic conditions, by cyanide, 
by 2,4-dinitrophenol, and by certain amino-acid 
analogues. This work implies that protein catabolism 
is tied to a supply of energy. It has been suggested’? 
that a linkage between protein catabolism and 
protein biosynthesis might also be involved. Korner 
and Tarver" investigated, under cell-free conditions, 
protein catabolism in the sub-cellular fractions of 
labelled rat liver and found that release of amino-acid 
from nuclei and mitochondria is inhibited by anaero- 
biosis and by uncoupling oxidative phosphorylation. 
More recently, Penn'* reported that the degradation of 
serum albumin by rat liver mitochondria is also 
dependent on an energy supply and that some amino- 
acid derivatives, detectable by spectrophotometry, 
appear to be involved as intermediates. Although 
these experiments cannot be unequivocally inter- 
preted at present (see Korner and Tarver''), the 
results of Simpson, Steinberg and Vaughan and Penn 
certainly suggest that protein degradation is not 
simple proteolysis, and that intermediates are involved 
in protein catabolism. 

There is further evidence which indicates that inter- 
mediates other than free amino-acids might be 
involved in protein degradation. When radio- 
actively labelled proteins, peptides, and amino-acids 
were injected into yolks of embryonated chicken 
eggs'*, the rate and extent of uptake of label into 
the chick embryonic protein were found to be identical 
for the three types of precursors. Considering that 
there are no free amino-acids in the yolk, but large 
amounts of diluting protein, it was concluded that 
protein is the preferred embryonic protein precursor. 
The uptake of homologous and heterologous proteins 
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by the embryo was identical. Furthermore, the site 
of protein breakdown appears to be in the yolk, 
whereas protein synthesis occurs in the embryo 
proper. Since there is no equilibration between 
added free amino-acids and those derived from yolk 
protein, I was led to the conclusion that an inter. 
mediate, other than free amino-acids but one direct}; 
derivable from protein, is involved. 

Chin, Tannenberg and Moldave", in experiments 
with Ehrlich ascites cells, recently found that iney. 
bation with isotopic free amino-acids led to the aceu- 
mulation of considerable amounts of free amino. 
acids within the cell during incorporation into 
proteins. Incubations with isotopic proteins led to 
labelling of proteins without significant accumulation 
of intracellular free amino-acids. These results are 
interpreted by Moldave as indicating intermediates 
other than free amino-acids in the degradation of one 
protein and the subsequent synthesis of another. 

Conceivable intermediates in the process of protein 
breakdown and new protein synthesis are: free 
amino-acids, peptides and amino-acid derivatives 
(that is, some forms of activated amino-acids). | 
have shown that the experimental evidence cited 
points to intermediates other than free amino-acids. 
Of the two remaining possibilities, the amino-acid 
derivative is the more probable choice, since a large 
number of experiments conducted in the past ten 
years have made peptide intermediates in protein 
metabolism most unlikely. Walter e¢ al.'® found that 
amino-acids and peptides derived from homologous 
serum proteins were incorporated into serum proteins 
(as well as organ proteins) at essentially the same rate 
and to the same extent. This cast doubt on the role 
of peptides derived from proteins as intermediates in 
protein synthesis. Other experiments'*"’ dealing 
with the breakdown of serum proteins, transfused 
from donor to recipient at various times after injection 
of labelled amino-acids, also have led to the conclusion 
that peptides are not involved. 
individual amino-acids incorporated into serum 
proteins at different times are lost from these proteins 
at the same rate. 

In a series of in vivo experiments, Simpson and 
Velick!*, Askonas et al.2° and Muir et al.*" investigated 
the problem of protein synthesis by administering 
labelled amino-acids to animals and determining the 
specific radioactivities of these amino-acids in various 
parts of the peptide chain of isolated, specific proteins. 
They found identical specific radioactivities in the 
injected amino-acids derived from different parts of a 
protein. This indicates that the entire protein 
molecule was formed at the same time and from the 
same amino-acid pool. In this connexion an apparent 
contradiction to the argument must be mentioned. 
Anfinsen and co-workers"*,*’, in their investigations in 
vitro, found differing specific activities of incorporated 
labelled amino-acids derived from various parts of 
ovalbumin, insulin and ribonuclease. These authors 
concluded that peptides were intermediates in protein 
synthesis. However, Loftfield and Harris* showed, in 
subsequent experiments, in which rats were con- 
tinuously infused with labelled valine, isoleucine and 
leucine, that the specific activities of the intracellular 
free valine, isoleucine and leucine of liver and the 
specific activities of these amino-acids in a protein 
(ferritin) formed by the liver were identical. It thus 
appeared that if peptide intermediates are involved, 
they must be derived only from amino-acids and 
not from preformed protein. Whether labile amino- 
acid derivatives are the intermediates involved in 


Such residues of 








N¢ 


rote 
a I 
Such 
free 
acids 
I 
resul 
all t 
acid 
of a 
synt 
resid 
acids 
amin 
an i 
medi 
amin 
and 
intre 
prot 
amil 
Tl 
Vau; 
degr 
requ 
Inte 
degr 
migl 
to 7 
Tl 
(rath 
in Ww 
appé 
that 
adde 
med 
the 
high 
Furt 
prot 
amil 
acid 
Sup} 


amil 

Tl 
pept 
mac 
in tl 


T 
nati 
forn 
forn 
host 
whi 
deli 
con 
shor 
that 
For 





- 188 


the Site 


> yolk, 
‘mbryo 
etween 
Mm yolk 
. inter. 
lirectly 


iments 
f incu- 
> accu- 
imino- 
L into 
led to 
ulation 
its are 
‘diates 
of one 
r. 
rotein 
free 
atives 
s). I 
cited 
acids. 
0-acid 
large 
it ten 
rotein 
1 that 
ogous 
»teins 
> rate 
e role 
tes in 
aling 
fused 
ction 
usion 
es of 
erum 
teins 


and 

rated 
ering 
r the 
rious 
eins. 
the 

of a 
tein 
. the 
rent 
ned. 
1s i” 
ated 
s of 
hors 
tein 
1, in 
-on- 
and 
ular 
the 

tein 
hus 

ved, 
and 
ino- 
in 





November 19, 1960 


protein breakdown and synthesis of new protein could 
not be experimentally decided by these investigations. 
Such amino-acid derivatives could also give rise to 
free amino-acids during the isolation of ‘free’ amino- 
acids from tissue. 

I have shown how a variety of experimental 
results dealing with aspects of protein catabolism can 
all be interpreted uniformly by postulating amino- 
acid derivatives as intermediates in the re-utilization 
of amino-acids derived from one protein for the 
synthesis of another. In the transfer of labelled 
residues from one protein to another, the amino- 
acids did not exchange with large pools of added 
amino-acids*-’, a fact which suggests the presence of 
an intermediate. Peptides were excluded as inter- 
mediates on the basis of the rate of incorporation of 
amino-acid into various parts of the same protein!*-*}, 
and on the basis of identical specific activities of 
intracellular amino-acids and of these amino-acids in a 
protein in rats continuously infused with labelled 
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amino-acids®. 

The experiments of Simpson’, Steinberg and 
Vaughan’® and Penn'™ have shown that protein 
degradation is not simple proteolysis. Specific energy 
requirements for protein catabolism were indicated. 
Intermediates were shown to be involved in protein 
degradation, and it has been suggested that these 
might be similar to some of the intermediates known 
to participate in protein biosynthesis’®,'*. 

The preferred utilization of precursor protein 
(rather than peptides or amino-acids) in a system" 
in which protein breakdown and protein synthesis are 
apparently spatially removed led to the conclusion 
that an amino-acid derivative, not in equilibrium with 
added free amino-acids, is involved as an _ inter- 
mediate. In other experiments it was shown*® that 
the breakdown products of endogenous protein are 
highly efficient precursors of newly formed protein. 
Furthermore, the demonstration™ at a time of active 
protein synthesis of the accumulation of labelled free 
amino-acids in certain cells when labelled free amino- 
acids are supplied but not when labelled protein is 
supplied is again indicative of the participation of 
amino-acid derivatives as intermediates. 

The possible analogy between the cleavage of 
peptide bonds and the enzymatic cleavage of other 
macromolecules has been pointed out'*. For example, 
in the cases of glycogen and ribonucleic acid, which 
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also can be split hydrolytically, the enzymatic 
cleavage need not be hydrolytic**.**. The cleavage of 
peptide bonds may similarly require an acceptor 
substance. Amino-acid derivatives have been shown 
to be intermediates in protein synthesis. The re- 
utilization of amino-acids from one protein for the 
synthesis of another involving amino-acid derivatives 
as intermediates would therefore conserve energy. 
A large number of the experiments cited have 
implicated an intermediate other than free amino- 
acids in the breakdown of proteins. Since peptides 
have been excluded by a number of investigations 
as the intermediates involved, the most likely inter- 
mediate is an amino-acid derivative. It is possible 
that this amino-acid derivative is similar to, or 
identical with, one of the intermediates known to 
participate in the anabolic process. 
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FORMS OF TOBACCO MOSAIC VIRUS 
By Pror. J. G. BALD 


College of Agriculture, University of California, Los Angeles 


_ HE study of strains or variants of tobacco mosaic 
virus may be simplified by considering the 
natural association between host species and the 
forms of the virus infecting them in the field. The 
forms of the virus occurring naturally in different 
host species have distinctive biological properties 
which divide them into categories similar to those 
delimited by biophysical properties. Data on the 
constitution of the tobacco mosaic virus proteins 
show similarities and differences between strains 
that appear congruent with the same grouping. 
Forms of virus may be distinguished partly by 


physical and chemical properties, partly by biological 
criteria. 

Siegel and Wildman! and Ginoza and Atkinson? 
studied differences in biophysical properties among 
8 tobacco mosaic virus strains. Four of the 8 were 
single-lesion selections characteristic of virus popula- 
tions in 3 host species. They were Ul and U2, 
representing majority and minority components in a 
sample of tobacco mosaic virus’; U5, from Nicotiana 
glauca Grah.'; and U8, Holmes’s strain from the 
ribwort plantain, Plantago lanceolata L.*. These 4 
strains were placed according to biophysical differen- 
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ces in 3 groups. Two strains, U2 and U5, were placed 
in the same group. Though they were from different 
hosts and gave different mosaic symptoms, they had 
similar biophysical properties. Included in the U1 
group were 2 mutants from U1 type isolates, one, 
U4, the heat-induced masked strain’, the second, 
U7 from ultra-violet irradiated U1 virus. Also in the 
group was U3, possibly a derivative or minor compo- 
nent of the ribgrass isolate. A fourth group was 
reserved for U6, a yellow mutant of Ul with changed 
biophysical properties. 

Knight et al.*-'° found the amino-acid content in the 
protein fraction of an ordinary severe tobacco mosaic 
virus isolate, like U1, similar to that of the masked 
strain, U4. There were differences in the amino- 
acids of this pair, the ribgrass strain (U8) and a 
yellow mutant similar to U6. The chemical and 
biophysical data agree in distinguishing some strains 
and grouping others. In a general sense, these data 
bear out the expectation that similarities or differences 
in the constitution of the protein shells of virus 
strains should be reflected as similarities or differences 
in biophysical properties. 

The main biological criterion for a form may be 
defined by the presence and persistence, as a natural 
infection in one or more host species, of a type of 
tobacco mosaic virus with uniform biophysical 
properties. A form need not, and in practice does not, 
consist of one symptom variant. It is subject to 
mutation and selection that may change the level of 
systemic symptom expression in whole populations". 
The masked strain is an example showing that the 
constitution and properties of the virus protein shell 
may remain unaffected by such changes*. Commonly 
also mutation may produce variants of the virus, 
like U6, with properties beyond the limits of the 
original form, but these are soon eliminated in the 
field by competition with better adapted strains. 
They fail to pass the test of persistence under natural 
conditions. It is possible that a strain like U6 might 
infect a new host in which it could persist, or changes 
like that reported for the cowpea strain of the virus" 
might occur in Nature. Such events would be evidence 
for the production of new forms by mutation, but 
they would not eliminate the essential discontinuity 
between forms. 

The dominant tobacco form of the virus, corre- 
sponding to strain-group 1 of Siegel and Wildman’, 
has special biological effects marking it off from other 
forms of tobacco mosaic virus. It causes systemic 
symptoms in some Nicotiana spp., including N. 
sylvestris, which react to many tobacco mosaic virus 
isolates with necrotic local lesions. These host 
reactions are heritable'’,*. The dominant tobacco 
form also produces characteristic yellow mutants in 
systemically infected host plants'®. Cytologically, it 
causes typical reactions in invaded cells (unpublished). 
Such biological characters, as well as biophysical and 
chemical data, may be used to distinguish between 
the tobacco form and others. 

Johnson and Valleau'* tested many samples of 
tobacco mosaic virus, some from stored tobacco leaf 
up to 50 years old, some collected directly from field 
crops. They kindly sent a portion of their collection 
of isolates for further testing in this laboratory. The 
majority of symptom variants were similar to U1 
in their reactions, but among them were mild isolates 
similar to U2. The forms of virus most common in 


tobacco seem to have remained almost the same for 
50-80 years. 
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In southern California, isolates of tobacco mosaic 
virus from naturally infected Nicotiana glauca haye 
produced necrotic local lesions on N. sylvestris 
though single lesion isolates varied greatly in symptom 
expression. A detailed study of one variant, Uj, 
has shown its biophysical properties to be almos 
indistinguishable from those of U2',*. Variants giving 
host reactions similar to those of U5 have been foun 
in N. glauca elsewhere"’,'*. 

U5 was isolated from N. glauca in disturbed 
natural vegetation on the campus of the University of 
California at Los Angeles. Another species in the 
same plant community, Solanum xantii Gray, was 
also found infected with tobacco mosaic virus. The 
dominant form in S. xantii gave small white local 
lesions on first transfer to N. glutinosa, instead of the 
characteristic necrotic local lesions of Ul and U2. 
and on N. sylvestris it produced mosaic symptoms, 
It was thus distinguished from both the U1 and U2 
forms of tobacco mosaic virus. The S. xantii virus 
included 2 minor components: one appeared to be 
of the U1 form, the other caused necrotic local lesions 
even in Turkish tobacco, variety Samsun. Two 
species of Solanaceae, N. glauca and S. xantii, growing 
in the same plant community for a number of years, 
were infected with different forms of the virus. 

There is evidence from southern California’ and 
numerous references in the _ literature'*-*? that 
tomato normally carries a form of tobacco mosaic 
virus differing from that in tobacco. It includes many 
symptom variants giving necrotic loca] lesions on 
N. sylvestris. Still other forms of the virus appear 
regularly in host species from families unrelated to 
Solanaceae*.!*.23, Though some of these forms of the 
virus are insufficiently differentiated, the general 
pattern is becoming clear. Natural infections in a 
single plant species seem to consist mainly of one or a 
small number of forms. Generally one form of the 
virus is dominant. Symptom variants of a form that 
is dominant in one host species may be present as 
minor constituents of the virus infecting other 
species. The occurrence, in widely separated regions, 
of the same or similar forms of the virus in a particular 
host, for example, in tobacco, N. glauca, or tomato, 
minimizes the chance that these associations are 
merely of regional origin. 

The mutual acceptance between a host species and 
a well-adapted form of the virus seems to be asso- 
ciated with the constitution of the virus protein (see 
above). To assume that a causal relationship exists 
between the nature of the protein and initial accep- 
tance of the virus particle may be premature, but it 
accords well with the view that infection is a 2-step 
process**-?6, The shedding of the protein shell and 
release of the nucleic acid depend on the acceptance 
of a virus particle at an appropriate site in the host 
tissue. The protein surrounding the core of nucleic 
acid is more likely to influence the first stage of 
association with structural elements of the invaded 
cell than is the nucleic acid itself**. Re-infection and 
further multiplication of newly formed virus particles, 
after local or systemic transport to non-infected cells, 
again demands acceptance at appropriate sites. At 
each re-infection, if it occurs from whole virus par- 
ticles, initial acceptance would be influenced by the 
constitution of the virus protein, and in turn would 
influence the chances of the nucleic acid being freed 
to reach appropriate sites for multiplication. The 
degree of adaptation of the protein shell to the cells 
of a particular host may thus introduce a correspond- 
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ing degree of specificity into the initial reactions of a 
plant species to the form of virus infecting it. In the 
jnal act of infection the nucleic acid would pre- 
sumably be decisive. 

At a different level there is evidence on the nature 
of selectivity between host species and forms of 
tobacco mosaic virus. First, a process of exclusion 
may exist. The tobacco varieties responding to a form 
f virus with necrotic local lesions are essentially im- 
mune to it in the field?’. The U1 form alone is likely 
under natural conditions to infect tobacco varieties 
reacting with necrotic local lesions to U2. In a more 
positive sense, variants of the U1 form are adapted 
to tobacco because they multiply rapidly to high 
oncentrations, and are invasive but not crippling to 
the host plant. The reason for the dominance of the 
2-U5 form in N. glauca appears to be of this sort 
R. A. Solberg, unpublished). The distribution of U5 
n the younger tissues of infected N. glauca is some- 
what less patchy than that of U1, and the U5 virus 
approaches closer to the stem apex of infected plants. 
During a long period under natural conditions of 
erial transmission this difference should be enough 
to allow symptom variants of the U5 form to appear 
as the sole or the dominant type of tobacco mosaic 
virus in N. glauca—as they do. 

The persistence in tobacco of low concentrations of 
U2 mixed with the dominant U1 form indicates that 
the 2 forms may have slightly different requirements 
for multiplication or re-infection, giving U2 a com- 
petitive advantage at a limited proportion of multi- 
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AMOYTIUS KERWOODI White is based on two 

specimens from the Upper Silurian sediments of 
Logan Water, near Lesmahagow, Lanarkshire, about 
half a mile upstream from Logan House. The 
specimens are B.M.11284 (holotype) and B.M.11285. 
White! described the animal as an agnathan with the 
following ¢haracteristics: ‘“‘No armour or endo- 
skeletal calcification ; notochord persistent ; simple 
lateral fin-folds present ; median fin-fold represented 
by elongated dorsal and anal fins. Eyes probably 
simple, very large and anteriorly placed. Muscle 
segments simple and numerous with single flexure 
and undivided by horizontal septum. Mouth ? 
terminal ; intestine short and straight’. 
The order Euphanerida and family Jamoytiidae 
were erected on the basis of the above characters. 
This interpretation placed Jamoytius in an important 
position in relation to early vertebrate evolution, and 
various authors?-* have commented on the original 
interpretation and on the phylogenetic position of 
Jamoytius. 
White regarded Jamoytius as a primitive naked 
fish-like chordate, probably ‘‘a conservative element 
of the main stock from which the various groups of 
craniate chordates arose’. He considered Jamoytius 
as a possible ancestor of the living Acrania, for 
example, Amphioxus. Berrill? commented on the 
absence of branchial apparatus and suggested that 
Jamoytius had a pharynx and atrium comparable 
with that in Amphioxus. He also speculated on the 
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In general this may explain why 
minor forms of tobacco mosaic virus are found mixed 
with dominant forms in a number of host species. 


plication sites. 
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A NEW INTERPRETATION OF JAMOYTIUS KERWOODI WHITE 
By ALEXANDER RITCHIE 


Grant Institute of Geology, University of Edinburgh 


nature of the eye. Stensié‘ re-interpreted the ‘‘carbon- 
ized muscle remains” as scale rows and noted the 
resemblance to the scales of some of the Anaspida. 
He assigned the family Jamoytiidae to the super 
order Anaspida. Tarlo’ confirmed Stensié’s con- 
clusions, and re-interpreted other parts of the holo- 
type, for example, dorsal fin rays as ridge scales. 

The importance of any new material of this animal 
is thus obvious, and this work concerns the discovery 
of two further specimens at the original locality. The 
first (in counterpart F.R.1393 a and b), collected by 
Prof. F. H. Stewart, is a large individual, lacking 
head and tail. The second (A.R.59.103), an almost 
complete specimen discovered by me, has been 
prepared to expose the ventral (?) surface (Fig. 1b). 
Examination of material in the Scottish Geological 
Survey, collected by Macconochie and Tait, yielded 
one fragment (in counterpart G.S.H#., 11882, 11883), 
and a poorly preserved specimen was found in the 
Slimon Collection, Kelvingrove Museum, Glasgow. 
A small individual bringing the total to seven has 
also been discovered in material purchased by the 
Department of Geology, Princeton, from Tait in 1923 
(P.U. 12865 in counterpart). 

Examination of the new material reveals that the 
original interpretation must be modified, although 
the basic concept of body-shape, lateral and median 
fin-folds appears sound. The new evidence concerns 
the scales, eyes, mouth, branchial apparatus and 
caudal fin. The segmental structures in the holotype, 
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Fig. 1. Jamoytius kerwoodi White. a, The holotype, B.M.11284, 

simplified drawing after White (ref. 1, text Fig. 1) re-interpreted 

with additions ; 6, the new complete specimen, A.R. 59.103, with 
a portion of the body restored from the counterpart 

E, eye; M, mouth; B.A., branchial apparatus (or apertures) ; 


(x 4) 


B.M.11284 (ref. 1, text Fig. 1) were interpreted as 
carbonized remains of body muscles (myomeres) 
separated by clear infillings representing the vanished 
septa (myocommata). Evidence against such an 
interpretation is as follows: of the seven known 
specimens, six have the segmental structures pre- 
served, and several of the specimens show varying 
degrees of relief in these structures. The poorly 
preserved B.M.11285 is thus unrepresentative and 
misleading. It now seems certain that the preserved 
structures were originally more substantial than 


L.F.F., lateral fin-fold 
Both specimens from the Logan Water, Lanarkshire. 


myomeres and myocommata and are remains of 


exoskeletal ossification or scales, as suggested by 
Smith® and Stensié*. The structures interpreted by 
White as muscle fibres are a cross-striation orna- 
mentation on the scale surface, or tubercle rows such 
as are present in the Anaspida. The ridges repre- 
senting “the vanished septa’’ may be interpreted as 
the thickened basal ridges of the scales, running 
dorso-ventrally, but I feel that the evidence for this 
is not conclusive. 

A.R.59.103 was embedded in a laminated grey 
siltstone, and extensive preparation was required to 
expose the complete fossil, which is little more than 
a carbon film. The surface exposed appears to be 
the ventral side of the animal. (The holotype, 
B.M.11284, is probably the dorsal side with some of 
the ventral structures showing through.) The animal 
as preserved is 21-22 cm. in length and dorso- 
ventrally flattened (Fig. 16). The body axis has been 
twisted after death through almost 90°. Three well- 
defined structures in the unarmoured head region are 
interpreted as lateral eyes and a mouth The mouth 
(M) is median sub-terminal and roughly circular 
(5-0-5°5 mm. in diam.) with a distinct dark rim 
(1 mm. wide). It thus resembles somewhat the mouth 
in the living cyclostomes. Very small denticle-like 
structures were observed on part of the rim. The 
two stains interpreted as eyes (Z) are moderately 
large (3-4 mm. in diam.), lateral and situated about 
1 cm. posterior to the mouth. The structures in 
the head region of B.M.11284 (ref. 1, text Fig. 1) can 
be re-interpreted in view of this discovery. The 
lateral stain (Z) interpreted as an eye is indeed such, 
but the well-defined, oval object in a terminal position 
(2) is the mouth. The other eye is situated on the 


blunt protuberance to the right of the mouth, where 
a dark stain can be seen, both in the specimen and 
in White's figure, although it is less distinct than the 
left eye. 
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The well-developed (and ossified) branchial stryo. 
tures which are so characteristic of the known Anag. 
pida are not present in Jamoytius, and their absenge 
has led several authors to suggest the existence of g 
pharynx and an atrium. One of the most surprising 
of the new discoveries was that the holotype 
B.M.11284 does have traces of the branchial appar. 
atus preserved. While examining B.M.11284, using 
optical equipment of a higher quality than tha 
available at the time of the original description, | 
was able to distinguish a series of exceedingly faint 
structures extending backwards from just behind the 
right eye to a point opposite the eighth preserved 
scale row. These structures (Fig. la, B.A.), appar. 
ently seven in number, may be the branchial apertures 
or even the outline of the gill sacs themselves, jn 
which case the external openings could be quite 
small, as in the lamprey. The presence of ‘advanced’ 
branchial apparatus disproves Berrill’s suggestion? of 
a pharynx and atrium, and settles the argument as 
to whether Jamoytius could have given rise to the 
modern Acrania. 

The scale rows in A.R.59.103 first appear some 
4 cm. from the anterior margin of the head and are 
well preserved along most of the length of the body, 
but become very faint near the tail. The scales show 
no indication of having been arranged in rows like 
those of the Anaspida and seem rather to have been 
continuous from the mid-dorsal line to the ventral 
surface, where they fall short of the mid-line, leaving 
a scale-free ventral strip (1-0—-1-5 em. wide) which 
extends for most of the length of the body and 
widens underneath the head. 

The structures in B.M.11284 which White (ref. 1, 
text Fig. 1, L.F.F.) interpreted as the lateral fin- 
folds tucked underneath the body, and which Westoll* 
suggested were the remains of the dorsal and anal 
fins, are interpreted here as the ventral termination 
of the body scales, mentioned above. It seems more 
likely that the ragged patches interpreted by White 
as displaced skin (D.S.) are, in fact, the lateral fin- 
folds with faint traces of the fin rays preserved. In 
A.R.59.103 the scales are only occasionally strongly 
disrupted, a cross-striation ornament is present and 
the scale surface has been irregularly fractured on a 
minute scale. The scales almost certainly reflect the 
underlying myomeres, with single forward flexure 
which is more acute anteriorly than posteriorly. 

Only a faint outline of the caudal region remains ; 
the axis of the tail appears to be twisted and it seems 
likely that Jamoytius possessed a reversed hetero- 
cereal (hypocercal) tail such as is found in the 
Anaspida. 

The second of the new specimens (F'.R.1393 a and 6) 
lacks both head and tail but shows clearly the scales 
and other structures of a portion of the body 13 em. 
long. The ventral termination of the scale rows is 
well preserved, and some longitudinal striation is seen 
in the scale-free strip. Scale relief is strong and the 
size of the scales indicates that this individual was 
the largest of the seven specimens. 

The fragment with counterpart (G.S.E., 11882, 
11883) from the Scottish Geological Survey has the 
best-preserved section. of the lateral fin-fold yet seen. 
The fin is broad with a well-defined outer margin and 
at one end shows faint but definite fin rays running 
almost to the margin. Scale relief is strong. The 
Princeton specimen (P.U.12865 in counterpart) and 
that found in the Kelvingrove Museum, Glasgow, are 
both small individuals and not particularly well 
preserved. 
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Several of these specimens possess structures com- 
parable with those which White interpreted in the 
holotype as notochord and intestine ; but more and 
better preserved material is required before this and 
other aspects of Jamoytius can be satisfactorily 
explained. In brief, the new evidence concerns the 
presence of exoskeletal ossification (scales); lateral 
aves; a terminal, subcircular mouth; a branchial 
apparatus not unlike that in the Anaspida and the 
living cyclostomes ; fin rays in the lateral fin-folds ; 
a hypocercal (?) tail. Jamoytius is too far advanced 
to be an ancestor of the living Acrania and shows a 
close relationship with the Anaspida. Whether it is 
itself an anaspid®.’ is a matter for speculation ; but of 
all the known fossil Agnatha, Jamoytius would seem 
to be the closest to the living Cyclostomata. The 
age of the enclosing sediments is not yet accurately 
known, but marine invertebrate faunas from both 
above and below the Jamoytius horizon are indicative 
of the Wenlockian (or even earlier) rather than the 
Ludlovian as was previously thought. The “‘Ludlow 
fish-bed” of Peach and Horne* from which the 
specimens come is actually much lower in the suc- 
cession than the “‘Ceratiocaris Beds” with which they 
were originally correlated. Jamoytius and the two 
coelolepids found in the same bed are the earliest 
complete chordates yet found in Britain, and their 
relatively high degree of organization indicates a 
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HOPLONEMERTINES, MYXINOIDS 


HE metazoa are generally dichotomized into the 

Protostomia, in which the embryonic blastopore 
becomes or is associated with the mouth, and the 
Deuterostomia, in which the embryonic blastopore 
becomes or is associated with the anus'. The hoplo- 
nemertines (an order of the phylum of proboscis 
worms, Rhynchocoela or Nemertina)? develop in a 
way which is not typical of either group, the blasto- 
pore being quite separate from both mouth and anus 
invaginations*, which suggests that this proterostome 
group might be transitional to the deuterostomes. 
If this is the case, organ homologies between hoplo- 
nemertines and deuterostomes are to be expected 
and the deuterostome group with which most homo- 
logies are shared would be identified as the most 
primitive of the deuterostomes. A surprising number 
of homologies, some of which were early suggested 
by Hubrecht‘, appear to be shared by the hoplo- 
nemertines with the myxinoid cyclostomes’, the 
most primitive vertebrate group. 
These homologies are presented in the following 
two paragraphs. Like-numbered structures are 
those which resemble each other and are presumed 
to be homologous. 
In myxinoids the nasopharyngeal duct (1), mouth (2) 
and gill slits (3) develop from a series of lateral 
expansions of an ectodermal foregut which perforate 
to form slit-like openings to the exterior*. On the 
dorsal roof of the nasopharyngeal duct is the 


_* National Science Foundation Regular Postdoctoral Fellow at the 
time this paper was prepared. Present address: Department of 
Psychology, Indiana University, Bloomington, Indiana, U.S.A. 
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long pre-Wenlockian history. It is hoped that more 
material will be discovered during my work in the 
area and the results will be published in detail at a 
later date. 

I wish to thank Dr. E. I. White, British Museum 
(Natural History), for advice and for the use of 
facilities to study the original material; Mr. H. A. 
Toombs; Dr. L. B. Tarlo for advice and the use of a 
manuscript (in the press); Mr. R. Wilson, H.M. 
Géological Survey ; Prof. F. H. Stewart for the loan 
of his specimen; Dr. G. Y. Craig, who supervised 
the work and criticized the manuscript ; the Geo- 
logical Survey, Edinburgh, and Kelvingrove Museum, 
Glasgow, for the loan of material. The work was 
carried out under a research grant from the Depart- 
ment of Scientific and Industrial Research. 


* White, E. I., Geol. Mag., 83, 89 (1946). 

* Berrill, N. J., ““The Origin of Vertebrates’’, 200 (Oxford Univ. Press, 
1955). 

* Westoll, T. S., “Studies on Fossil Vertebrates’’, 196 (Univ. of London, 
Athlone Press, 1958). 

* White, E. I., “Studies on Fossil Vertebrates”, 229 (Univ. of London, 
Athlone Press, 1958). 

5 Smith, I. C., Norsk Geologisk. Tidsskrift, 37, 394 (1957). 

* Stensiéd, E. A., “Traité de Zoologie, Agnathes et Poissons”, 1, 238 
(Paris, 1959). 

* Tarlo, L. B., ““The Invertebrate Origins of the Vertebrates”’, Internat. 
Geolog. Congress Report, Twenty-first Session, Copenhagen (in 
the press). 

* Peach, B. N., and Horne, J., “The Silurian Rocks of Britain”, 1, 
574 (Mem, Geol. Surv. United Kingdom, 1899). 


AND DEUTEROSTOME ORIGINS 


By Dr. DONALD D. JENSEN* 


Zoological Laboratory, University of Groningen, The Netherlands 


glandular hypophysis (4), which is intimately con- 
nected in the development of vertebrates with the 
anterior somites (5)? and the notochord. The noto- 
chord is composed of a tubular multi-layered fibrous 
sheath (6) surrounding vacuolated gelatinous notochord 
contents (7) in which lies a flat, fibrous band, the 
notochord strand (8), extending along the notochord 
axis. Skeletal cartilage (9) first appears between and 
comes to surround the hypophysis and the anterior 
end of the notochord. Cartilage also is found super- 
ficially, associated with horny teeth (10). Associated 
with, and just ventral to, the notochord sheath is the 
dorsal aorta (11), a major vessel of the closed circula- 
tory system (12). The digestive tract has a prominent 
ventral liver (13) and terminates in a definite anus 
(14). Sense organs include a pair of inverse retina 
lateral eyes (15), a vestige of the direct retina pineal 
eye (16) found in other vertebrates, a pair of labyrinth 
organs (17), neuromast organs (18) of taste and the 
lateral line system, and olfactory organs (19). The 
olfactory organs, which lie in the nasopharyngeal 
duct, are closely associated with the dorsal neural 
tube (20). Both types of structures develop from the 
ciliated neural plate, which invaginates as a groove 
and closes over at the neuropore to form the neural 
tube and an anterior external lip, the primordium 
of the olfactory organs. The eyes and olfactory organs 
are connected directly to the dorsal neural tube, but 
other sense organs and all muscles are connected to it 
by solid nerves (21) which connect to the dorsal 
sensory alar plates (22) and the ventral motor basal 
plates (23) of the dorsal neural tube. 
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In Malocobdella, a form usually classed separately 
but closely related to the hoplonemertines, the 
secondary mouth (1, 2, 3) develops as a lateral expan- 
sion of an ectodermal foregut which perforates to form 
a slit-like opening to the exterior---On the dorsal wall 
of the secondary mouth of hoplonemertines lies the 
proboscis, an organ for capturing food with prominent 
glandular components (4), and muscular components (5), 
which develops as an invagination toward and comes 
to lie inside the proboscis sheath-rhynchocoel com- 
plex. This complex is composed of a tubular multi- 
layered muscular proboscis sheath (6) surrounding a 
closed cavity filled with rhynchocoel-fluid (7) in which 
lies the flat muscular band, the retractor (8), extending 
from the posterior end of the sheath to the end of 
the proboscis. The proboscis develops armament 
composed of a stylet base (9) and a sharp stylet (10). 
Lying sometimes in, and sometimes ventral to, the 
proboscis sheath is the dorsal vessel (11), a major 
vessel of the closed circulatory system (12). The 
digestive tract may have a large ventral gastric 
diverticulum (13) and terminates in a definite anus 
(14). Sense organs may include inverse retina lateral 
eyes (15), direct retina eyes (16)*, cerebral organs (17), 
onion-shaped organs (18)*, and a medial frontal organ 
(19, 20) which lies on the dorsal anterior margin of the 
secondary mouth and may develop from a flat plate 
of ciliated ectodermal cells which invaginates as a 
groove. These sense organs and all muscles are 
connected by solid nerves (21) to a solid brain, com- 
posed of a pair of sensory dorsal ganglia (22) and a 
pair of motor ventral ganglia (23). 

Each of the homologies suggested involves a number 
of specific positional, histological, and embryological 
similarities. In addition, the relations among 
structures of hoplonemertines are usually the same 
as those among the homologous structures of myxin- 
oid cyclostomes. While a few resemblances between 


organisms can reasonably be explained by convergent 
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evolution, the large number of resemblances observed 
the existence in an order of nemertines of homologues 
for major myxinoid structures, and similar relations 
among homologous organs can only be reasonably 
explained by phylogenetic affinity. ; 

Accordingly, it is suggested that early myxinoids 
evolved from an early hoplonemertine by means of 
the following transformations. The secondary mouth 
was repeated serially to produce the three types of 
foregut apertures of myxinoids. The glandular 
proboscis failed to imvaginate into the proboscis 
sheath-rhynchocoel complex and remained at the 
anterior end of that complex as the glandular pitui- 
tary. The muscular proboscis invaginated laterally 
along the proboscis sheath-rhynchocoel complex and 
was subdivided to form the enterocoelous somites. 
The rhynchocoel fluid became gelatinous and the 
proboscis sheath and retractor became non-contractile 
in forming the notochord. Only a single pair of 
lateral eyes was retained while these and other sense 
organs enlarged and differentiated. The frontal 
organ closed over at the neuropore and lengthened 
back over the notochord as a closed tube. This tube 
fused with the solid brain of nemertines to form the 
vertebrate tubular brain with alar and basal plates. 
This fused structure then lengthened back with 
replication of dorsal mixed and ventral proboscis 
motor nerves to form the spinal cord with dorsal 
mixed and ventral somatic motor nerves. The vestige 
of the original proboscis nerves remained as the 
neural hypophysis or infundibulum. 

The phylogeny of the deuterostomes can be revised 
to be consistent with this hypothesis by considering 
primitive jawless fish to be the primitive deuterostome 
stock, from which other deuterostomes are derived 
by loss of sensory organs, specialization, and in some 
cases neotony’®. Deriving the jawless fish from the 
hoplonemertines then connects the deuterostomes to a 
phylogenetic sequence beginning in the primitive 
protista ancestral to both plants and animals"', and 
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thereby delineates the early evolutionary history of 


man’s own line (Fig. 1). 

A paper detailing similarities between suggested 
homologues, discussing more fully the embryological 
similarities of nemertines and deuterostomes, outlining 
transitional stages, and comparing the present bypo- 
thesis with other current views of vertebrate origins 
is in preparation. 
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LETTERS TO THE EDITORS 


PHYSICS 


Impossible Magnetic-Field Self- 
Patterning 


THE ‘self-sustaining’ Corbino disk recently proposed' 
is suspect. It was suggested that an axial magnetic 
field could Hall-deflect from an impressed radial 
current the azimuthal current just necessary for its 
existence. Inside, or axis side (outside, respectively), 
of an elemental current ring, its field contribution 
has indeed the sense of the field responsible for the 
ring, for inward (outward) motion of the dominant 
carriers. Outside (inside) the ring, however, its 
contribution is counter-sense to the field at the 
ring. This crucial embarrassment makes it difficult 
to imagine any finite, that is, physical, possibility 
for field self-patterning. 

Certainly Midgley’s solution, B, = Ar-*, Jo 
(k/un) Ar-*-", with neither changing sign, is trivial 
in the finite. In a disk with non-vanishing inner 
radius (finite radial current density) and finite outer 
radius, the fields at radii just within the inner and 
outer boundaries, lying inside and outside, re- 
spectively, all but an arbitrarily small circulating 
current, must differ in sign or both vanish. Thus A, 
the constant of integration, is zero. In an alternative 
view, the azimuthal current density, Jg, must go the 
‘wrong’ way just within the outer (inner) boundary, 
for inward (outward) motion of dominant carriers, 
unless Jg vanishes identically. 

Perhaps the one-dimensional formulation is insuffi- 
cient. Specifically, the tacit neglect of the term 
dB,/dz in the §-component of curl B is puzzling and 
possibly unjustified. One might have thought that, 
in the presence of azimuthal current, the radial 
component of the field would change considerably, 
and monotonically, along an axially directed path 
through a thin, but finite, current slab ; and that at 
a true current sheet Maxwell’s equation would not 
be applicable. 

It should be stressed that only the theory of 
magnetic-field self-patterning in a finite, unen- 
cumbered Corbino disk has be- 1 considered here. No 
disparagement of the magnetic power amplifier or 
bi-stable trigger circuit suggested by Midgley is 
intended. Suitable biasing at the outer boundary, 
for example, might replace ‘infinity’. 

Self-patterning, or self-determining, fields (the 
terms ‘self-sustaining’ and ‘self-maintaining’ have 
unfortunate energetic connotations) are sustained 
(a2) by exogenous current or (b) by current from 
motional induction within the system considered. 
In the light of impossibility theorems*,* for certain 
simple classes of steady-state, magnetofluid-dynamic 
dynamos (type ), one might hypothesize that type-a 
self-patterning fields in cases of material homogeneity, 
high symmetry, and topological simplicity are 
unlikely to exist. For its own sake as a fundamental 
problem, and also for its possible relation to the 
important fluid dynamo problem under type 6, the 


question of the possibility of type-a self-patterning 
fields deserves closer attention. 
Joun H. MAtTHEws 
U.S. Naval Research Laboratory, 
Washington 25, D.C. 
1 Midgley, D., Nature, 186, 377 (1960). 
* Cowling, T. G., Mon. Not. Roy. Astro. Soc., 94, 39 (1933-34). 
* Backus, G. E., and Chandrasekhar, S., Proc. U.S. Nat. Acad. Sci., 
42, 105 (1956). 

Ir is true that Cowling’s impossibility theorem 
would apply to a finite and unencumbered disk. To 
achieve a non-zero solution, it is essential that a finite 
disk be encumbered to the extent of an input coil, or a 
magnetic feedback path as proposed in Fig. 2 of my 
communication. If such configurations of the mag- 
netic field with more than one interlinkage of the 
electric circuit were admissible in the astronomical 
context, the difficulties of dynamo maintenance 
would be reduced. 

The essentially one-dimensional solution is valid 
for a disk of finite thickness and permeability pu, 
bounded either by a medium of infinite permeability 
or by an axial stack of similar disks, such that @/dz = 
0. A finite disk not so bounded demands a more 
elaborate solution, in which B, varies with z. 

D. MipeLtey 
Department of Electrical Engineering, 
Ewing Building, 
Queen’s College, Dundee. 


Short-Period Time Variations of Extensive 
Cosmic Ray Showers 


An exploratory experiment has been conducted to 
determine whether or not short-period fluctuations in 
the arrival of extensive showers are sufficiently syste- 
matic to warrant detailed study. 

Two Geiger—Miiller tubes 4 cm. in diameter and 
40 cm. in length were connected in a coincidence 
circuit, and the output was recorded on an oscillograph 
with a paper speed of 5 mm./sec. The two tubes were 
placed parallel and were horizontally separated by 
1 metre. The equipment was placed on the roof of a 
building free from obstructions. Two such equipments 
were operated independently. Approximately one 
count per minute was obtained. 

A total of 60 records, 5 hr. in length, were studied. 
There were 30 such records for each equipment, 
The two equipments were separated by 12 and 330 m.. 
so that the results obtained are regarded as inde- 
pendent samples. 

The time-interval between successive counts, 7, 
was listed as a function of the serial number of the 
count, 7. This provides about 300 data pieces per 
record. The auto-correlation function was computed 
for each record, and was afterwards used to obtain 
the spectral curve. If the time-interval between 
successive counts is independent of any preceding 
or succeeding such time-interval, the auto-correlation 
function should be identically zero for lags of one or 
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more. The corresponding spectral curve should be 
flat, analogous to white noise. 

Twelve spectral estimates were obtained for each 
curve. The flat spectral curve analogous to that of 
white noise was subtracted from the observed spectral 
curve. It was assumed that each spectral estimate 
was independent of other spectral estimates in the 
same curve, and that positive and negative departures 
from the flat curve are equally likely. The twelve 
spectral estimates were divided into three groups 
corresponding to long, middle, and short periods. 
The number of records showing 0, 1, 2, 3, or 4 positive 
departures within a group was noted and compared 
with the expected number (see Table 1). The differ- 
ences between the observed and expected results are 
statistically significant. 


Table 1. NUMBER OF POSITIVE DEPARTURES FROM FLAT SPECTRAL 
CURVE 


No. of + I II Ill Expected 
0 13 5 18 4 
1 12 13 9 15 
2 14 18 19 22 
3 ll 14 9 15 
4 1 10 5 4 


Table 1 shows a tendency for-all negative or all 
positive departures in group I, all'positives in group 
II, and all negatives in group III. This suggests a 
maximum in the spectral curve near the boundary of 
group I and group II. The maximum corresponds to a 
periodicity in the range of 4—9 counts. 

The experiment thus suggests that long time- 
intervals between successive counts tend to be 
followed by long intervals approximately 4-9 
counts later. The average time-interval between 
counts was 74 sec., so that a systematic variation in 
the arrival of extensive showers is indicated in the 
range of 5-11 min. 

Donatp G. YERG 
Prytuis M. GILDERSLEEVE 
Michigan College of Mining and Technology, 
Houghton, Michigan. 


Separation Factor of Tritiated Water 
Fractional in Distillation 


A. H. Price has published' a table of values of 
vapour pressure of tritiated water. As these values 
differed greatly from our previous results, based on 
enrichment experiments of tritiated water in frac- 
tionating columns**, it was decided to re-evaluate 
these results, taking into account our latest data of 
column operation‘. 

The unit process separation factor for tritiated 
water (THO) from ordinary water (H,O), defined as 
the ratio of the concentration of tritiated water in the 
liquid phase to that in the vapour phase at equili- 
brium (at low concentrations), may be found from 
known concentrations at the top of a separation 
column and at the bottom of it or in the boiler. The 
general theory and detailed calculations were given 
by Dostrovsky et al.5,*. 

ar is found from the relation : 

Ne/N, = er exp[(KZ/L) (a7 — 1)] (1) 
where a7 is the separation factor for tritiated water ; 
Np and N, are boiler and reservoir concentrations of 
a batch-operated column; K is transfer coefficient 
for vapour-liquid interface ; Z is length of column ; 
L is flow of liquid down the column. 
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The value of ap reported by us previously wag 

1-055 + 0-002 at 260 mm. mercury*®. The values 

found from later experiments are given in Table |. 


Table 1 
Column I II Ill 
Pressure 
(mm. mercury) 260 260 760 
Unit separation 
tactor ar 1-053 +0002 1-051 + 0-002 1-036 + 0-001 


These values are considerably smaller than the value 
of 1-13 found by Price’. 

It should be pointed out that for both pressures 
the ratio (ap —1)/(ap —1) is 1-37 + 0-02. 

The main source of error in our results is ascribed 
to the error in estimate of the values of KZ. These 
could not be measured directly and were calculated, 
using the enrichment values of tritiated oxygen in 
the same system. Inserting the known values of . 
into equation (1), the KZ values were calculated for 
each fractionating column. 

The pressure in columns I and II was regulated 
by @ manostat connected to a vacuum tank. The 
columns were tested for vacuum before each run. 
There was a pressure differential of 15 mm. between 
the boiler and the condenser and the average value 
was used. In column III the pressure differential was 
negligible. 

The error resulting from pressure fluctuations was 
estimated to be small compared with other factors 
mentioned. 

The tritium activity was determined in a Geiger- 
Miiller counter measuring the activity of hydrogen 
obtained from reduction of water samples by zinc. 
This method has been found accurate to within 
+ 1 per cent for the measurement of relative activity. 
Deuterium concentrations were measured in a mass 
spectrometer. 

The error quoted for «7 includes the above-men- 
tioned errors, on the assumption, however, that 
values of KZ obtained from measurements on 
deuterium are valid for the determination of tritium 
enrichment. 


P. AvINUR 
A. Nir 


Isotope Department, 

Weizmann Institute of Science, 

Rehovoth, Israel. 

1 Price, A. H. Nature, 181, 262 (1958). 

* Radiochemical Studies of Water Resources in Israel, Progress Report 
submitted to the Ford Foundation, Isotope Department, Weiz- 
mann Institute of Science, Rehovoth, Israel, July 1955. 

* Nir, A., Ph.D. thesis, Jerusalem (1957). 
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Effect of Specular Reflexions on the 
Radiation Flux from a Heated Tube 
In my communication under the above title’ there 
appears an error in expression (7) for F;”. The 
expression should read : 
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Taking the radiation from a black surface as reference, 
one can then show that the deficit from it of the 
fux of radiation from the mouth of a uniformly 
heated cylinder of length L, closed at the other end, 
is (1— ¢) times the corresponding deficit for the flux 
from the mouth of a cylinder of same diameter and 
of length 2L, but open at both ends. 

For the cylinder considered in the communi- 
cation, which is closed at one end, and the length 
of which is five times its diameter, and the inner 
walls of which have an _ emissivity ¢ = 0-75, 
the fraction (1 — ¢) of the incident radiation that 
is not absorbed by the surface being specularly 
reflected by it, the flux of radiation across the mouth 
is found to be short of that from a black-body by 
only 0-23 per cent. As emphasized in the com- 
munication, the approach to black-body radiation 
holds over the whole of the 2x solid angle, unlike 
in the corresponding case when the walls of the 
cylinder have a matt surface. 

Thus for a given emissivity the cylinder with 
specularly reflecting walls has a distinct advantage, 
as a source of black-body radiation, over one with 
a matt surface. For a given material, however, the 
effective emissivity will be markedly greater when 
the surface is matt than when it is polished. 
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GEOCHEMISTRY 


Trace Element Relationships and Terrestrial 
Origin of Tektites 

RecENtTLY, Cherry, Taylor, and Sachs! reported 
from an examination of australite data “‘that silica 
concentration is significantly negatively correlated 
with the concentrations of aluminium oxide, ferrous 
oxide, magnesium oxide, potassium monoxide, and 
calcium oxide”. Further, they suggest that tektite 
composition can be explained as the result of a 
mixing process between silica and some other material 
such as shale. 

It would appear that the possibility of partial 
volatilization of several of the component oxides 
during formation of the tektite glass has not been 
considered by many workers in this field. If tektites 
were produced suddenly at temperatures near the 
boiling point of some of the components, then heavy 
losses of oxides more volatile than silica should 
follow. The silica content would also décrease some. 
what from loss of SiO. Oxides of higher boiling point 
than silica, namely, aluminium oxide, ferrous oxide, 
magnesium oxide, and calcium oxide, would be 
enhanced in the resulting glass. This would account 
for the negative correlation of these oxides with 
silica without invoking a mixing of two materials 
such as shale and quartz. Recent work of Friedman, 
Thorpe, and Senftle* tends to confirm this point of 
view. 

Table 1 compares three tektites of different ages but 
similar silica content with a quartz-porphyry of 
comparable silica content. It is seen that the tektites 
in general are higher in alumina, ferrous oxide, 
calcium oxide, and magnesium oxide and lower in 
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Table 1. COMPARISON OF COMPOSITION OF THREE TEKTITES FROM 
DIFFERENT FALLS WITH A QUARTZ-PORPHYRY 
1 2 3 4 
Sio, 76°56 80-52 79°51 79°75 
Al,O, 11-54 9-44 10-56 10-47 
Fe,0, 0-17 _— 0-60 0-64 
FeO 3-99 1-98 3-11 0-92 
CaO 1-62 1-84 1°48 0-15 
MgO 3-60 1-72 1-35 0-13 
MnO 0-08 0-09 0-06 Trace 
Na,O 1-32 0-52 0-91 1°36 
K,0 0-82 3°15 1°25 6-01 
TiO, 0 -6( 0-72 0-63 0-15 


Col. 1, Composition of an Ivory Coast tektite, analysis quoted by 
Barnes (ref. 3); col. 2, composition of a moldavite, analysis quoted 
by Barnes (ref. 3); col. 3, composition of an australite, analysis 
quoted by Barnes (ref. 3); col. 4, composition of a quartz-porphyry, 
analysis quoted by Iddings (ref. 4). 


sodium oxide and potassium oxide than the igneous 
quartz-porphyry. 

In order to test the proposition that tektites are 
produced at high temperatures and volatilization 
had taken place, the gallium/germanium ratios of a 
series of tektites and related terrestrial materials have 
been determined ; the gallium oxide (Ga,O,) being 
less volatile and germania (as GeO) more volatile than 
silica (as SiO). Table 2 gives the results of some of 
these analyses. It is clearly seen that tektites have 
higher gallium/germanium ratios thar. terrestrial 
impactite glasses (Aouelloul glass, Darwin glass, and 
pumice glass, Cafion Diablo, Arizona), sand (Néchov, 
Czechoslovakia), and sandstones (Aouelloul sand- 
stone, Cafion Diablo sandstone). That there is 
volatilization taking place in tektites is clearly 
brought out in the australite example where the 
second melting producing the flange has caused an 
increase in the gallium content over that found in the 
core. The Aouelloul impact glass shows an increase in 
gallium and decrease in germanium over the sand- 
stone at the crater. Here the temperature was so 
intense that crystallites are absent in the glass. 
Darwin glass shows a higher germanium content than 
has been found in any tektite. In contrast to 
Aouelloul impact glass the pumice glass from Cafion 
Diablo crater did not reach a high enough tempera- 
ture to form a compact glass and melt the coesite 
present (in the sample examined) and shows little 
change in Ga/Ge ratio. In confirmation of the work 
of Chao, Shoemaker, and Madsen‘, the main crystal- 
line constituent in this glass was found to be coesite 
(by X-ray diffraction). The tektites in general have 
gallium contents of 0-9-9-8 p.p.m. and germanium 
contents of 0:06-0:40 p.p.m. Analyses for a given 
tektite fall are consistent for cores. 

The high temperature of formation of tektite 
glasses, the quenching of the melt before thorough 
mixing can take place, and the shapes (before second- 
ary melting), all indicate that the formation of these 
glasses is from impact. As Urey has suggested®, a 
thorough search should be continued for explosion 


Table 2. GALLIUM/GERMANIUM RATIOS OF TEKTITES, IMPACTITES 
AND RELATED MATERIALS 

Ga (p.p.m.) Ge(p.p.m.) Ga/Ge 
Moldavite, Néchov, Czechoslovakia 3-1 0-15 21 
Sand, Néchov, Czechoslovakia 9-6 1-64 6 
Australite (core) 0-9 0-06 15 
Australite (flange), same specimen 1-5 0-04 37 
Aouelloul glass 4-7 0-67 7 
Aouelloul sandstone 3-0 1°38 2 
Darwin glass, Tasmania 2-5 0-58 4 
Pumice glass, Cafion Diablo, Arizona 1-5 0°44 3 
Sandstone, Cafion Diablo, Arizona 1-5 0-40 4 
Tektite, Thailand 9-0 0-20 45 
Indochinite, Dalat, 8. Annam 8-2 0-21 39 
Tektite, Ivory Coast 9-8 0°35 28 
Billitonite 8-2 0-40 20 
Tektite, Anda, Philippine Islands 7:1 0-40 18 
Javanite 4-6 0-34 14 
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craters large enough to account for tektite formation 
as a terrestria] event. 

Mr. J. Anania and Mrs. 8. A. Todd performed the 
analyses, and Dr. 8. Pollack made the X-ray determ- 
ination of coesite. Detailed publication of gallium 
germanium ratios of additional tektites, meteorites, 
and related materials will be made elsewhere. 

This work was carried out with the help of an 
N.A.S.A. Research Grant NsG.-57-60. 

Atvin J. CoHEN 
Mellon Institute, 

Pittsburgh 13, Pennsylvania. 
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CHEMISTRY 
Crystallinity of Calcium Chondroitin 
Sulphate 
WELL-DEFINED macroscopic shapes containing 


symmetry elements are generally regarded as a sign 
of crystalline arrangement of molecules. Recently, 
Kargin' demonstrated that polymer molecules might 
have a regular geometrical aggregate as viewed in the 
electron microscope without being crystalline so far 
as X-ray diffraction measurement is concerned and 
vice versa. In our work with calcium chondroitin 
sulphate A we encountered apparently a similar 
phenomenon. Einbinder and Schubert? reported 
that calcium chondroitin sulphate (their so-called mid 
and tail fraction) showed crystalline shapes under the 
microscope when precipitated with ethanol from 
aqueous solution. These same fractions, however, 
proved to be amorphous in our X-ray diffraction 
experiments. Further investigation also revealed 
that the ‘head’ fraction of calcium chondroitin 
sulphate which Einbinder and Schubert? reported as 
amorphous under the microscope was highly ecrystal- 
line in X-ray diffraction studies. Detailed analysis of 
these results will be reported elsewhere. 

All three fractions of calcium chondroitin sulphate 
A were isolated from acetone-dried bovine trachea 
according to the method A, of Einbinder and Schu- 
bert? (extraction with aqueous potassium chloride 
and potassium carbonate, repeated purification with 
kaolin, dialysis, precipitation of the potassium salt 
and finally conversion to calcium salt). The yield was 
comparable to that reported previously. However, 
the crystalline ‘head’ fraction had a high ash content, 
and further purification was necessary. This was 
achieved by redissolving this fraction in distilled 
water, centrifuging at 6,000 r.p.m. for 20 min. and 
precipitating the supernatant with 3 vol. of absolute 
ethanol. Only about 10 per cent of the original head 
fraction was recovered this way. This new isolated 
head fraction was highly crystalline and had the 
following micro-analysis : C = 33-34 per cent, H = 
6-08 per cent, N = 2-96 per cent, S = 2-05 per cent, 
Ca = 2-70 per cent. The theoretical value for a new 
type of calcium chondroitin sulphate which is 
sulphated only at every third chondroitin unit with 
5 moles of water of hydration per chondroitin 
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(C,,0,;H,,.N,8O,Ca.15H,O) would be C = 33-02 per 
cent, H = 6-03 per cent, N = 2-75 per cent, § = 
2-09 per cent, and C = 2-62 per cent. 

The middle and tail fractions of calcium chondroitin 
sulphate A had the following microanalysis : 


Cc H N 8 Ca 
Mid 27°95 5:49 2-31 4:90 5-99 
Tail 28:09 5:50 231 4:46 6 


Theoretical of repeating unit of 
calcium chondroitin sulphate 
A (C,,H,,.NSO,,Ca.5H,0) 28-61 498 2:39 5-45 6-81 


All three fractions indicated the same two spots on 
paper chromatography of their acid hydrolysate; 
glucuronic acid and_ galactosamine. Infra-red 
absorption spectra of the fractions were taken by a 
double-beam Beckman JR-7 spectrophotometer on 
films of 0-02 mm. thickness. The infra-red spectra 
of the middle and tail fractions were identical, and, 
therefore, only one is reproduced in Fig. 1. On the 
other hand, the head fractions showed distinct 
differences. The most important among these are the 
absence of the sulphate band at 725 cm.-? and the 
shift of the band from 928 to 955 cm.-'. Similarly the 
sulphate band,‘ at 1,240 cm.-! has greater intensity 
in the tail fraction than in the crystalline head 
fraction. The band between 1,000 and 1,150 em! 
is broader in the case of the crystalline fraction, 
possibly indicating hydrogen bonding of primary and 
secondary alcohols with other polar groups which is 
lessened if the polymer chain is more highly sulphated 
(tail fraction). 
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Fig. 1. Infra-red absorption spectra of the head fraction (——) 
and the tail fraction (- - - - - ) of calcium chondroitin sulphate from 


bovine trachea 


One might come to the general conclusion with 
respect to structure and crystallinity among the 
chondroitin sulphate isomers as follows : the crystal- 
line ‘head’ fraction is a calcium chondroitin sulphate 
polymer sulphated only at every third chondroitin 
moiety, as both infra-red and microanalysis indicate. 
Due to the fact that this fraction went through only 
the mildest additional treatment (centrifuging and 
reprecipitating) it is unlikely that this is an artefact 
of the preparation. The intrinsic viscosity in 0-1 M 
sodium chloride solution of this fraction was the 
lowest, 0-22 dl./g., compared with 3-09 dl./g. of the 
middle fraction and 0-9 dl./g. of the tail fraction. Its 
precipitation with the smallest concentration ethanol 
also indicates that the head fraction is less polar than 
the other two fractions which are actually pre- 
cipitated according to their molecular weights. 
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Electron micrographs of calcium chondroitin sulphate 
Platinum 
Top, head fraction ; 
middle, mid fraction ; bottom, tail fraction 


precipitated with ethanol from aqueous solution. 
shadow casting. Black lines indicate ly. 


Thus it seems plausible that the frequent and 
bulky side groups of sulphate prevent crystalline 
alignment of the chains, and one gets ordered polymer 
regions only when the degree of sulphation is reduced 
together with shorter polymer chains. 

In the light of the above conclusion we wanted to 
investigate whether Kargiri’s observation can apply 
to chondroitin sulphate, that is, whether the micro- 
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scopic structure has anything to do with the molecular 
organization. Electron micrographs were taken 
with an RCA EMU 2B electron microscope under 
conditions described previously®. The three fractions 
isolated were dissolved in distilled water and repreci- 
pitated in ethanol, and a loopful of the colloidal 
suspension was placed on a screen 15 min. after the 
addition of ethanol and shadowed with platinum. 
The electron micrographs are shown in Fig. 2. 

The head fraction, which showed high crystallinity 
in X-ray diffraction, formed sheet-like aggregates 
sometimes with well-defined edges. This is not 
unlike those electron microscopic structures one 
observes in polycrystalline synthetic high polymers 
such as polyethylene. 

The higher-molecular weight calcium chondroitin 
sulphate A (mid fraction), which was completely 
amorphous in X-ray diffraction, showed also com- 
pletely amorphous aggregation in the electron 
microscope. 

The tail fractions aggregated in shapes similar to 
those observed by Einbinder and Schubert*. These 
aggregates had orderly regions comparable to liquids 
only as viewed by X-ray diffraction. Still, there was a 
certain amount of symmetry although they lacked 
the higher symmetry elements of crystals. Probably 
this was a fraction with low enough molecular weight 
to provide anisotropic chains for orientation, but still 
having enough bulky side-groups to prevent orderly 
alignment. This, therefore, may represent Kargin’s 
transition group between geometrical crystallinity 
and the completely amorphous state. 

This research was supported by a grant (C-3984 
BBC) of the National Cancer Institute, Public 
Health Service. 
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Chemistry Department, 

Adelphi College, 
Garden City, 
New York. 
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Marine Biological Laboratory, 
Woods Hole, Mass. 
1 Kargin, V. A., I.U.P.A.C. International Symposium on Macromole- 

cules, Wiesbaden, Germany, Oct. 1959. 
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191, 591 (1951). 
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“ Matthews, M. B., Nature, 181, 421 (1958). 

* Philpott, D. E., and Szent-Gydrgyi, A. G., Biochim. Biophys. Acta, 

15, 165 (1954). 


725 (1950) ; 


Preparation of Silver lodide Sol by 
lon-exchange Resin 
WHEN preparing a silver iodide sol by mixing 
solutions of silver nitrate and potassium iodide : 


AgNO, + 2KI-AgI I-/K+ + KNO, 


the electrolyte potassium nitrate has to be removed. 

The use of electrodialysis is a very elaborate 
process, so the obvious thing is to replace it by ion- 
exchange resins. 

This method has two drawbacks : 

(1) a strongly basic anion-exchange resin adsorbs 
part of the sol particles ; 

(2) a weakly basic resin gives organic impurities to 
the sol. 

My experiments showed that extracting the resin 
with water in a Soxhlet for 24 hr. is sufficient to 
remove these impurities completely. 
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demonstrated by the con- 
water of the ion-exchange 


This effect is clearly 
ductivity of the effluent 


columns of extracted and non-extracted resin re- 
, spectively. 
Table 1 
o x 10-* 2" cm.~' effluent water Before After 
Strongly acid resin 20 2-4 
Weakly basic resin 20-200 2-4 
Solutions of 200 m.mol. silver nitrate/l. and 220 


m.mol, potassium iodide/l. (10 per cent excess) were 
used. The strongly acid exchange resin was ‘Amber- 
lite 7R 120 H’, the weakly basic ‘Amberlite 7R 45’. 

The sol mixture was first sent over the strongly 
acid resin, the weakly basic reacting only in the pH 
interval 0-7. 

By this method an 80 per cent yield of sol was 
obtained, with a conductivity of o 2 to 3 x 10-5 
{2-' cm.-'. 

P. Van 
Laboratory of Physical Chemistry, 
Ghent. 


DER WEE 


Oscillographic Polarography of Highly 
Polymerized Deoxyribonucleic Acid 
PROCEEDING from my finding',? that nucleotides, 
nucleosides and the bases of nucleic acids can be 
analysed by alternating current oscillographic polaro- 
graphy*-*, I have also tried to study polymerized 


deoxyribonucleic acid by this method. 
The apparatus used was a Polaroskop P 524 
(Kfizik, Praha). With this apparatus it is posssible 


to plot d#/dt against HZ (Fig. 1). The analysis was 
carried out by means of the dropping mercury 
electrode in the same electrolytes as were used in 
my previous work'*. All measurements were car- 


ried out with specimens of deoxyribonucleic acid 
from calf thymus. 
I have established that in a medium of molar 


ammonium formate, deoxyribonucleic acid shows an 
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gE 
dt 














Fig. 1. Graph of d#/dt against Z. The nature of the material 

analysed is characterized by the potential of the indentation (PC), 

which is somewhat similar to the polarographic half-wave poten- 

tial. The quantity of the material is characterized by the depth 

of the indentation. For qualitative analysis, the height II, which 

can be measured much more easily, is generally measured. 
K, Cathodic part; A, anodic part 


anodic indentation at the same potential as deoxy- 
guanylic acid (Fig. 2). Other characteristics of both 
indentations are also analogous (dependence on direct 
voltage, temperature, concentration of the electro- 
lyte), which appears to indicate that that due to 
deoxyribonucleic acid is brought about by deoxy- 
guanylic acid bound in the molecule of deoxyribo- 
nucleic acid. In order to verify this observation, | 
removed the adenine and guanine from the deoxy- 
ribonucleic acid molecule by treating it with dilute 
hydrochloric acid (pH 1-6, 37° C.)*, and analysed the 
apurinic acid obtained in this way by oscillographic 
polarography in ammonium formate as medium. No 
characteristic anodic indentation was observed on 
the oscillogram ; but, on the contrary, a new cathodic 
indentation was formed approximately in the same 
region where an indentation is produced by deoxy- 
cytidilic acid under similar conditions (Fig. 3). This 
indentation is shown even after drastic denaturation 
of deoxyribonucleic acid and, in fact, becomes deeper. 

Thus in non-denaturated deoxyribonucleic acid, 
deoxyguanylic acid reacts oscillo-polarographically, 





Fig. 2. 100 ~gm. deoxyribonucleic acid/ml. 1 M ammonium formate 
Fig. 3. Apurinic acid in 2 M ammonium formate (concentration corresponding to 2 mgm. of deoxyribonucleic acid) 


Fig. 4. 
chloride-ammonium hydroxide. 


900 «gm. deoxyribonucleic acid + 5 ~gm. plasma albumin/1 ml. 10-* M hexamine cobaltic trichloride in 0-1 M ammonium 
Indentations due to cobalt, I ; 


deoxyribonucleic acid, Il; protein, III 
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whereas deoxycytidylic acid bound in its molecule 
js inactive. This phenomenon may be perhaps inter- 
preted in the following manner: one part of the 
guanine purine ring, which is of great importance for 
the formation of the anodic indentation (apparently 
an amino-group in position 2 is involved’), is found 
in the molecule near the surface, whereas the analog- 
ous part of the pyrimidine ring of cytosine (appar- 
ently the 6-amino-group*) is hidden inside the 
molecule where it participates in the formation of 
the hydrogen bond. In apurinic acid, where the 
jouble-helical structure is completely destroyed, 
leoxycytidylic acid is not blocked sterically in any 
way so that its oscillo-polarographic activity may 
manifest itself. Free deoxyadenylic acid and deoxy- 
thymidylic acid do not show the characteristic 
indentation in ammonium formate as medium, and 
consequently no indentations due to these nucleotides 
can be expected if they are bound in the molecule 
of deoxyribonucleic acid. 

I have also studied deoxyribonucleic acid and 
apurinie acid in 2M sodium chloride as medium ; 
both substances yield oscillograms that differ only 
slightly. In 1 M sodium hydroxide, the oscillograms 
of deoxyribonucleic acid differ considerably from 
those of apurinic acid. 

In cobalt and nickel solutions’, proteins give an 
indentation even at a very low concentration’. Since 
the deoxyribonucleic acid indentation is produced in 
this medium at a different potential, I was able 
to use the oscillopolarographic reaction for detecting 
deoxyribonucleic acid and proteins in the presence of 
each other. In this manner, proteins can be detected 
even in the presence of an abundance of deoxyribo- 
nucleic acid (Fig. 4). 
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Fluorescence of Organic Traces in 
Inorganic Substances 


In previous publications! I have directed attention 
to the fluorescence due tc traces of organic substances 
in commercial inorganic chemicals and in minerals. 
What was not clear was the relation of my experi- 
ments to the somewhat similar ones of Ewles’. 
Recent investigations have now convinced me that 
we were observing two quite different phenomena. 
This is best shown by the following experiments : 

(1) Exciting alumina (Merck, for chromatography) 
with 254 mu, I obtain fluorescence that is not en- 
hanced by weak annealing and not destroyed by 
1 min. at red heat, and also phosphorescence, in 
perfect agreement with Ewles, who had to heat his 
samples for hours at high temperatures to get rid of 
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the fluorescence. I find, however, that the phos- 
phorescence no longer appears after 1 min. at red 
heat and is not regenerated by adding traces of 
organic substances. 

(2) On the other hand, on exciting alumina which 
has been exposed to atmospheric dust with 365 mu, 
there is no noticeable phosphorescence, and the 
fluorescence is enhanced by weak annealing, de- 
stroyed by 1 min. at red heat and regenerated by 
weak annealing after adding traces of organic sub- 
stances. 

Under condition,(1) we have the Ewles effect : 
luminescence of adsorbed water or other substances 
containing the OH-group; under condition (2) 
fluorescence of organic traces occurs. 

The latter, frequent in minerals, has now also been 
found in certain meteorites: Hvittis (Finland). 
Stannern (Moravia); it remains to be seen if these 
have acquired traces of organic substances after their 
arrival on the Earth or already in outer space. 


K. PrRzIBRAM 


Institut fiir Radiumforschung, 
Vienna. 
? Przibram, K., Nature, 183, 1048 (1959); 186, 300 (1960); Wien 
Anzeiger (Oct. 15, 1959; March 3, and June 24, 1960). 
* Ewles, J., and Heap, C. N., Trans, Farad. Soc., 48, 331 (1952). 


Triphosphitochromic Acid 


TRIVALENT chromium forms, with dibasic anions of 
oxygen-containing acids, complex ions of the type 
[Cr(AA),]*-, in-which the ligands are bound to the 
central atom through oxygen atoms. The best-known 
representatives of this group of compounds are 
trisulphatochromates(III)'* and complex anions 
with organic acids*, for example, with oxalic‘. and 
lactic acid. The complex with lactic acid is the 
stable and relatively strong trilactatochromic acid 
H,{Crlact,]. The phosphite anion, which may also 
act as a bidentate oxoligand’, forms a similar tri- 
phosphitochromic acid H,{Cr(HPO;)s3]. 

Free triphosphitochromic acid can be prepared in 
crystalline form by dissolving freshly precipitated 
chromic hydroxide (precipitated by ammonia at 
pH ~8) in a boiling aqueous solution of phosphorous 
acid, followed by crystallization. The decahydrate of 
triphosphitochromie acid is obtained, forming green 
crystals soluble in water and methyl alcohol, prac- 
tically insoluble in ethyl alcohol and ether, of density 
2-03 at 20°C. The complex is paramagnetic, having 
a molar magnetic susceptibility of 7-8 x 10-* at 20°C. 
The compound liberates its ten water molecules at 
40°C. The conductometric and pH metric titration 
of triphosphitochromic acid solutions by sodium 
hydroxide show that the compound prepared is a 
tri-basic acid (K,~2x 10, K,~4x10°°, K,~4~x 
10-7) and forms sodium and ammonium salts easily 
soluble in water, and salts of alkaline earths, transition 
and heavy metals which are only slightly soluble. 
The ammonium salt (NH,),{Cr(HPO;);].6H,O, 
sodium salt Na,[Cr(HPO,),].4H,O and barium salt 
Ba,[Cr(HPO,);]..8H,0, have been prepared in the 
crystalline state. Aqueous solutions of the acid and 
its salts show, as may have been expected, reducing 
properties, and reduce, for example, after stand- 
ing for some time, silver salts to metallic silver. 
The reduction, however, takes place much more 
slowly than with the free, non-complex phosphite 
anion. 
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Similarly to the trioxalatochromic anion‘, the 


triphosphitochromic anion must also, because of_ its 
proposed structure, have optical isomerism. This 
has been proved experimentally by transforming 
triphosphitochromic acid via the tri-d-strychnine 
salt to optically active sodium d-triphosphito- 
chromate(III). Compounds containing the tri- 
phosphitochromic anion in one of its stereoisomeric 
forms, however, are rapidly autoracemized in aqueous 
solution, so that it has been impossible to determine 
the value of molecular rotation, or to separate the 
other stereoisomer. The triphosphitochromic anion 
is, however, interesting by the fact that it is a further 
representative of the, as yet very rare, type of purely 
inorganic (that is, carbon-free) optically active 
compound. 

The determination of the instability constant of the 
triphosphitochromic anion, which has been carried 
out by pH-measurements and by spectrophotometric 
methods, has shown that the anion is highly com- 
plex (K ~2 x 10-") ; this is surprising because of the 
presence of thee four-membered rings in the molecule. 
In some analytical reactions, masking of chromium 
is, in fact, observed. It is, for example, impossible 
to precipitate either chromic hydroxide or phosphate 
from solutions of the triphosphitochromic anion. 

In comparison with the other anionic oxo-complexes 
of trivalent chromium, the free acids of which are 
known either only in dilute solutions (trilactato- 
chromic acid or other complexes with organic acids), 
or are not defined in the crystalline state (trisulphato- 
chromic acid), or lastly are totally unknown in the 
free state (trioxalatochromic acid), the triphosphito- 
chromic anion is remarkable for the fact that free 
triphosphitochromic acid is stable and well defined 
even in the crystalline state. 

JAROSLAV PODLAHA 
Mrrostav EBERT 


Department of Inorganic Chemistry, 
Charles University, 
Albertov 2030, 

Prague 2. 
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* Wernicke, W., Pogg. Ann., 
‘ Paris, 84, 1090 (1877); 112, 


Recoura, A., C.R. Acad. Sei., 
(1891); 183, 719 (1926). 
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BIOCHEMISTRY 


Effects of a-Lipoic Acid on the Respiratory 
Chain of Plant Mitochondria 


communication describes the effects of 
a-lipoate (6:8-dithio-n-octanoate) on the 


Tuts 
oxidized 


respiration and oxidative phosphorylation of mito- 
chondria isolated from red beetroot (Beta vulgaris L.)'. 
Both spectrophotometric (Table 1) and manometric 
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Table 1. E¥FECTS OF OXIDIZED LIPOATE ON ENZYMIC ACTIVITIES oy 
MITOCHONDRIA FROM BEETROOT 
.* . Enzym mic activ ities* 
Substrate Oxidant W ith 
Control lipoate 
(0-1 m¥) 
Reduced coenzyme [| oxygent | 0-67 | 0 17 
(0-13 mM) —_ —|—+ — — — 
| ferricytochrome c 
(60 uM) 3-77 | 1-18 
| dye t (65 uM) 673 | 453 _ 
Malate (50 mM) | ferricytochrome ¢ pe: 
(60 uM) 0-29 0-03 
Malate ( 50 m nM) plus | ferricytochrome ¢ =7 
coenzyme 1 | (60 uM) 0-87 O-14 
(0-13 mM) | | | 
Suce inate (50 mM) | ferricytochrome c | “a 
60 uM) 0-34 | 0-31 
| dyet (65 »M) 1-25 126 
| Ferrocytochrome c afin 
(60 uM) oxygent 5-44 9-73 











* Changes in extinction were determined spectrophotometrically at 
340 mu for coenzyme I, at 550 mu for cytochrome c, and at 600 mu for 
2:6-dichlorophenol indophenol. Results are expressed as 4E/min. 
mgm. of mitochondrial nitrogen at room temperature (about 25° (.), 
for 3 ml. of reactants in 1-cm. cells. 


t Solutions were equilibrated with air. 
¢ 2:6-dichlorophenol indophenol. 


(Table 2) results showed that added lipoate (0-1 mM) 
caused substantial inhibition of the oxidation of 
reduced coenzyme I and of coenzyme I-linked sub- 
strates with oxygen, ferricytochrome c and 2:6- 
dichlorophenol indophenol as oxidants. However, the 
oxidation of succinate was not inhibited by lipoate at 
0-1 mM concentration (Table 1). Lipoate caused a 
marked stimulation (about 100 per cent) of the 
succinate—cytochrome ¢ reductase activity of mito- 
chondria modified by freezing and thawing or by 
exposure to hypotonic conditions. 

As shown in Table 2, esterification of inorganic 
phosphate was more strongly inhibited by added 
lipoate than was substrate oxidation. Other results 
with «-ketoglutarate and with pyruvate as substrates 
suggest that the substrate-level phosphorylation may 
not be inhibited. Lipoate had little effect on the 
adenosine-triphosphatase activity of beetroot mito- 
chondria with or without added magnesium chloride. 

Sodium arsenite (1 mM) did not affect the inhibition 
of the oxidation of reduced coenzyme I caused by 
oxidized lipoate, whereas it prevented a small pro- 
gressive inhibition caused by reduced «-lipoate 
(6 :8-dimercapto-n-octanoate). The action of the 
dimercaptan is attributed to progressive formation of 
oxidized lipoate. The effects shown in Tables 1 and 2 
do not appear to involve dimercaptan formed enzymic- 
ally in the mitochondria. 

The effects shown in Tables 1 and 2 could not be 
duplicated with short-chain fatty acids (n-valerate, 
n-caprate, n-caprylate, n-caproate), nor with cysteine, 
cystine, oxidized glutathione or 2 :3-dimercaptopro- 
panol (BAL). Although the oxidation of reduced 
coenzyme I was inhibited (56 per cent) by BAL 
(10 mM), the presence of BAL did not interfere with 
the inhibitory effect of oxidized lipoate. Bovine serum 
albumin (0-17 per cent), but not ethylenediamine 
tetraacetate or ascorbate, prevented the inhibitory 
effect of lipoate on the oxidation of reduced coenzyme 
I; presumably albumin binds lipoate. Cystine 
(0-1 mM) caused an inhibition (60 per cent) of 
eytochrome c oxidase activity in contrast to the 
stimulation caused by lipoate (Table 1). 
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EFFECT OF OXIDIZED LIPOATE ON OXIDATIVE PHOSPHORYLATION CATALYSED BY MITOCHONDRIA FROM RED BEETROOT* 














No. 4751 
Table 2. 
i | Control 
Expt Substrate Qb, | P/N 
‘ig a-ketoglutarate (50 mM) 225 43-6 
1 + malonate (50 m nM) 
a 7 ~ Malate (50 m M) 149 24-9 
L | Malate (50 mM) plus 
| coenzyme I (0-48 mM) 195 31-4 
— | Succinate (50 mM) : 441 | = 41-3 
E "Malate (50 mM) 241 236 
4 ananiahaaions nase —— a 
Malate (5 50 m mM) plus 
| 2: 4 -dinitrophenol (0-1 mM) |} 224 


| 


| 


| 
| 
| 
x 
=~ 


With lipoate | 


Lipoate 





P/O concentra- Qn P/N P/O 
tion } = 
2-95 0-5 mM | 26-0 1-1 1-03 
1-37 0O-1mM } 0 58 | 1:34 
| 05 mM 16 Os 0-56 
Do = 
1-80 0-1 mM 54 55 1:14 
~ O5mM | 34 0-7 | O24 | 
1-05 0-1 mM | 455 | (285 | 0:58 | 
0-5 mM | 197 | 0 0 | 
164 | O1mM a 91 w 1-00 | 
ee: . -_ i ~} —EEE — 
0-1 mM | 74 | = 





* Measurements were carried out manometrically at 25° C.; 


described (ref. 1) 
Q is ulitres of oxygen/hr./mgm. of mitochondrial nitrogen. 


consumed. 


The effects of lipoate were quite different from those 
obtained with other respiratory chain inhibitors!.? 
such as amytal, antimycin A and 2-hydroxy-3-(2- 
methyloctyl)-4-hydroxyquinoline-N -oxide and no com- 
petitive or synergistic effects were observed when each 
of these compounds was added with lipoate. Whereas 
oxidized lipoate had little effect on succinate—cyto- 
chrome c reductase activity of fresh mitochondrial 
preparations (Table 1), antimycin A and 2-hydroxy- 
3-(2-methyloctyl)-4-hydroxyquinoline-N-oxide were 
strongly inhibitory!:*. However, prolonged incubation 
with oxidized «-lipoate particularly at 0-5 mM con- 
centration, caused inhibition of the succinate— 
cytochrome c reductase and of succinate oxidase (see 
Table 2). Oxidized lipoate also differed from amytal 
in causing a somewhat similar inhibition of oxidation 
of reduced coenzyme I with either ferricytochrome c 
or 2:6-dichlorophenol indophenol as oxidant (Tables 
l and 3). 

Extinction changes measured at 520 my showed 
that lipoate at 0-1 mM had little effect on the swelling 
of freshly isolated mitochondria. However, a pro- 
nounced effect was obtained at 0-5 mM lipoate. The 
swelling was enhanced by the addition of substrates 
and was reversed with adenosine triphosphate (5 mM) 
plus magnesium chloride (3 mM) and prevented with 
bovine serum albumin (0-17 per cent). However, the 
effects of lipoate on the enzymic systems of both 
beetroot mitochondria damaged by hypotonicity or 


Table 3. COMPARATIVE EFFECTS OF OXIDIZED a-LIPOATE AND AMYTAL 
ON THE ENZYMIC REDUCTION OF 2:6-DICHLOROPHENOL INDOPHENOL 
CATALYSED BY THE BEETROOT MITOCHONDRIA 





Enzymic activ ities* | 

















Substrate with 
. . lipoate 
| with with rx 
Control a-lipoate amytal | (0 Sa 
(0-1 mM) | (36mM)| ,Pue 
; (3°6 mM) | 
Reduced coenzyme 1 8°55 536 | 842 5-71 | 
(0-26 mM) j | 
Malate (50 mM) 2-64 ‘3 0 32 | 2-19 0-98 : | 
Malate (50 mM) 7 reese | — | 
plus coenzyme 1 
(0-48 mM) | 5-32 1:50 | 5-20 1-78 





see Table 1. 


4E/min./mgm. of mitochondrial nitrogen; 





the esterified phosphate was estimated as glucose-6-phosphate as previously 


P/N is umoles of orthophosphate esterified/hr./mgm. of nitrogen; and P/O is ratio of moles of orthophosphate esterified to atoms of oxygen 


by freezing, and optically clear suspensions obtained 
by treatment of mitochondria with sodium deoxy- 
cholate, were similar to the effects observed with 
intact mitochondria. Thus the lipoate-induced 
swelling does not account fully for the effects shown 
in Tables 1-3. 

Similar effects to those shown in Tables 1 and 2 
have been obtained with mitochondria isolated from 
wheat roots, silver-beet petioles, cauliflower buds and 
pea cotyledons. The aerobic oxidation of reduced 
coenzyme I by rat-liver mitochondria was ‘inhibited 
(50 per cent) by lipoate (0-1 mM). The effects on 
other enzymic systems of animal mitochondria are 
being further studied. 

The effects of lipoate described here do not appear 
to involve the coenzyme function of lipoate in the 
oxidative decarboxylation of a-keto acids. The 
stimulation of cytochrome c oxidase, the induced 
swelling and the activation of succinate—cytochrome c 
reductase may all reflect the ability of lipoate to form 
a complex with lipoproteins. The inhibition of 
coenzyme I oxidation (Table 1) and the uncoupling of 
phosphorylation (Table 2) are more clearly associated 
with the disulphide bond of oxidized lipoate. Lipoate 
appears to act on, or very close to, the dehydrogenase 
which activates coenzyme I (Tables 1 and 3). Reduced 
coenzyme I-cytochrome c reductase as extracted from 
heart muscle mitochondria is a flavoprotein which 
requires intact sulphydryl groups for activity*-4. 
Recently, Green and co-workers® found that this 
enzyme is inhibited by 1 mM concentrations of 
dimercaptans (BAL, lipoate and lipoamide) which 
would have been rapidly oxidized. Dixon et al.® have 
recently found that the enzyme is inactivated by 
oxygen with concomitant displacement of the flavin 
prosthetic group, possibly due to oxidation of —SH 
groups of the enzyme (see ref. 7). 

It is suggested that the inhibition of the respiratory 
chain oxidation of reduced coenzyme I (Tables 1-3) is 
due to inhibition of the primary dehydrogenase by 
oxidized lipoate which may enter into 


SH....—S—S— 
exchange reactions’, with sulphydryl groups essential 


for the dehydrogenase activity. The uncoupling of 
oxidative phosphorylation by lipoate may be due to a 
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similar type of exchange reaction with sulphydryl 
groups essential for phosphorylation®. 
J.T. Wiskicu 
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A Factor in Agar which reverses the 
Antibacterial Activity of 
1-MethylI-3-nitro-!-nitrosoguanidine 

Wuite working with 1-methyl-3-nitro-1-nitroso- 
guanidine, an anticancer agent in mice!,? and an 
antibacterial agent in vitro, we observed that Difco 
agar contained a factor which inhibited the activity 
of 1-methyl-3-nitro-1-nitrosoguanidine against F'scher- 
ichia coli strain S. The activity of this compound 
was tested by the filter paper disk-assay method 
on minimal*® medium pH 6-8, containing 2 per cent 
agar. The zones of inhibition were smaller when the 
medium was sterilized by steaming for 20 min. than 
when sterilized by autoclaving (15 Ib./sq. in.) for the 
same length of time (Table 1). Several lots of Difco 
agar had the same property, but other commercially 
available agars did not. These latters agars are: 
BBL (Baltimore Biological Laboratory), NBC (Nutri- 
tional Biochemical Co.), ‘Ion Agar No. 2’ (Oxo, Ltd., 
London), and Difco ‘Noble Agar’. 

Difeo agar was freed of the factor by extraction 
with water or methyl alcohol, but not with ethyl 
alcohol, acetone, or butanol. The aqueous or methanol 
extracts (vacuum dried and reconstituted in water) 
reversed the effect of 1-methyl-3-nitro-1-nitrosoguani- 
dine when added to liquid cultures and assayed 








Table 1 EFFECT OF AGAR ON THE ACTIVITY OF 1-METHYL-3-NITRO-1- 
NITROSOGUANIDINE AGAINST Escherichia coli 
Diameter of zone of inhibition 
| (mm.)* 
Agar Preparation - - - . 
| | 40 ngm./ 100 200 =| 
disk ugm./disk| agm./disk 
NBCt Steamed 27 33 |= (36 
N BCt Autoclaved | 28 34 | 39 
BBLt Steamed 25 31 | 35 
BBL Autoclaved | 26 33 35 
‘Difco’ Lot No. 616 | Steamed 12 | 15 | 16 
‘Difeo’ Lot No. 616 | Autoclaved 26 30 | 38 
‘Difeo’ Lot No. 188 | Steamed 12 14 | 16 
‘Difeo” Lot No. 188 Autoclaved 26 33 36 


* 12-mm. filter paper disk. Incubation, 18 hr.; 37°C. 
+ Nutritional Biochemical Co., Cleveland, Ohio. 


¢ 
t Baltimore Biological Laboratory, Baltimore, Maryland. 
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turbidimetrically. Aqueous extracts lost all activity 
within 24 hr. at room temperature, but were stable 
for at least four weeks at — 10°C. 

The activity of 1-methyl-3-nitro-1-nitrosoguanidine 
is reversed by amino-acids, —SH compounds, methy]. 
amine and ascorbic acid (personal observation), 
The active extracts were ninhydrin-negative. Polaro. 
graphic analysis revealed no —SH or S—S compounds, 
There was no detectable amount of ascorbic acid. 
The factor did not absorb ultra-violet light. 

Compounds with biological properties similar to 
1-methyl-3-nitro-1l-nitrosoguanidine were tested for 
their response to the agar factor. The antibacterial 
activity of 11 nitrosoguanidines, differing only in the 
alkyl substituent on N-1, was reversed. Only 1. 
chloroethy1-3-nitro-1-nitrosoguanidine was not re. 
versed even though the analogous compounds, | -ethy| 
and 1-chloropropyl-3-nitro-1-nitrosoguanidines, were 
reversed. The activity of 1-nitroso-2-nitramino.2. 
imidazoline, a condensed nitrosoguanidine, and oj 
5-diazouracil was reversed, but that of nitrogen 
mustard, azaserine, ‘Mitomycin C’, $-propiolactone, 
4-nitroquinoline-N-oxide was not. The agar factor 
had no effect on the antibacterial activity of penicillin, 
streptomycin, or aureomycin. 

There is in Difco agar a water- and methanol. 
soluble, heat-unstable substance which reverses the 
antibacterial activity of the anticancer agents, 
1-alky1]-3-nitro-1-nitrosoguanidines and 5-diazouracil. 
The isolation and identification of this factor might 
be helpful in elucidating the mechanism of action of 
these compounds. 

This work was facilitated by a National Institution 
of Health grant No. C Y—4548, and was carried out 
under the auspices of the Cancer Chemotherapy 
National Service Center, National Cancer Institute, 
U.S. Public Health Service, Contract No. SA-43- 

ph-3070. 
JOSEPH GREENBERG 
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* Davis, B. D., and Mingioli, E. S., J. Bact., 60, 17 (1950). 


A New Approach to the Study of Thiamine 
Deficiency 


Ir is well known that dietary deficiency of thiamine 
impairs normal carbohydrate metabolism because of 
the role of cocarboxylase as coenzyme in the oxidative 
decarboxylation of pyruvate and «-ketoglutarate', 
and the transaldolation and transketolation? of 
aldoses and ketoses, which inhibit the liberation of 
the energy necessary to maintain tissue in its living 
state. Also, it has been shown that fat has a sparing 
action on the thiamine*; but little is known con- 
cerning protein metabolism in this form of avita- 
minosis. 

Re-investigation* of this problem has shown that 
glyoxylic acid, a metabolic intermediate, arises from 
excessive breakdown of tissue protein; by radio- 
active isotopic tracer study, the origin of this acid was 
proved to be glycine. The presence of glyoxylic acid 
in normal animals is transient, since it can be recon- 
verted into glycine or further metabolized into 
formate and then into carbon dioxide and water, 
or it can be excreted in the urine. 
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However, in animals deficient in thiamine, diffi- 
culties arise in the disposal of the glyoxylic acid. A 
block oceurs in its enzymatic oxidative decarboxyl- 
ation to formate, due to the absence of co-carboxyl- 
ase’; as a result, various tissues may be affected by 
its cumulative toxic effect. The kidneys gradually 
lose their capacity to eliminate this acid, and thus 
aggravate its detrimental effect on all tissue metabol- 
ism. The syndrome seen in experimental animals is 
similar to the clinical findings in cases of thiamine 
deficiency. 

It has been shown not only that fat spares thiamine, 
but also that a possibility exists that fat may provide 
ample amounts of acetyl-coenzyme A to condense 
with glyoxylic acid to form malate, thus annulling 
the detrimental effects of the glyoxylic acid. It has 
been suggested also that the glyoxylic acid condenses 
with a 4-carbon Krebs cycle intermediate to compete 
for the aconitase dehydrogenase system’. 

The present work also indicates that it cannot be 
assumed that an animal deficient in thiamine follows 
the same metabolic patterns as a normal animal, 
except for its inability to utilize carbohydrate 
properly. The whole metabolic pattern is altered, 
and it changes and shifts continually in order to 
fulfil the necessary energy requirements under this 
abnormal condition. The results indicate that the 
interdependency of the metabolism of carbohydrate, 
fat and protein is responsible for the underlying 
causes of this phenomenon. 

A detailed account of this work will be published 
in due course. 
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Re-assessment of the Stoichiometry of 
Photophosphorylation 


THE light-induced phosphorylation of adenosine 
diphosphate to adenosine triphosphate by chloroplasts 
is associated with, and presumably coupled to, a 
transfer of electrons. In most of the systems investi- 
gated water has been the electron (or hydrogen) donor, 
and flavin mononucleotide, vitamin Ks, ferricyanide 
or triphosphopyridine nucleotide has been the electron 
(or hydrogen) acceptor. The early work was carried 
out on systems involving flavin mononucleotide or 
vitamin Kgs or both. Unfortunately the reduced forms 
of these substances are readily re-oxidized by mole- 
cular oxygen, and this re-oxidation of the electron 
acceptor by the oxidized electron donor resulted in a 
cyclic process in which the electron flux could not be 
measured. Consequently the stoichiometry of the 
reaction or reactions forming adenosine triphosphate 
could not be established. However, with the discovery 
that phosphorylation also accompanied the reduction 
of substances the reduced forms of which were not 
re-oxidized, this difficulty disappeared. Both Arnon 
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and his associates! and Avron and Jagendorf? re- 
ported that one mole of adenosine triphosphate was 
formed for every two moles of electrons transferred 
in the reduction of ferricyanide or triphosphopyridine 
nucleotide. This stoichiometry has been widely quoted. 

I have confirmed the observations of these workers. 
Indeed in 36 determinations involving ferricyanide 
reduction, it was found the ratio of adenosine tri- 
phosphate to electron pairs transferred was 1-00, 
with a standard error of the mean of only + 0-017. 
Moreover, a similar stoichiometry for flavin reduction 
and adenosine triphosphate formation has been 
observed when precautions were taken to trap the 
hydrogen peroxide formed by the reaction of oxygen 
with reduced flavin mononucleotide*. Nevertheless, 
there are the following reasons for believing that this 
rather precise ratio of 1-00 is fortuitous and without 
biological significance. 

(1) Unless the mechanisms coupling oxido-reduc- 
tions to phosphorylation are exceedingly complex, the 
ratio of adenosine triphosphate to the electron pairs 
must be represented by a whole number. An experi- 
mental average of precisely unity suggests that the 
theoretical maximum is probably higher, since to 
establish the validity of a larger ratio, such as 2, it 
need only be established that any one experimental 
value is truly in excess of unity. On occasion, values 
of the ratio consistently greater than unity have been 
obtained, in spite of the fact that there are certain to 
be some biological and assay losses of adenosine 
triphosphate. 

(2) The reduction of ferricyanide, triphospho- 
pyridine nucleotide or flavin mononucleotide by illum- 
inated chloroplasts can proceed in the absence of 
phosphorylation. The presence of optimal amounts of 
adenosine diphosphate, orthophosphate and mag- 
nesium ions increase this ‘basic’ rate two- to three- 
fold. Therefore chloroplasts isolated by the methods 
currently employed must be equipped with a mechan- 
ism for electron transfer which is not coupled to 
phosphorylation. Obviously any electrons carried by 
this mechanism must be subtracted from the total 
flux before the stoichiometry of the reaction, which 
does involve phosphorylation, can be computed. Un- 
fortunately, we only know with certainty the extent 
of this basic, non-phosphorylating process in the 
absence of phosphorylation ; the simultaneous activity 
of the phosphorylating system might alter or almost 
abolish the ‘uncoupled’ reaction. Krogmann, Jagen- 
dorf and Avron4 recognized the need to evaluate the 
competition between the systems, but were unable to 
come to any conclusion on the basis of the evidence 
then available. The new evidence presented below 
can be best interpreted by assuming the continuing 
existence of most of the basic, non-phosphorylating 
electron transport at all degrees of activation of the 
phosphorylating system. Consequently a revision of 
current estimates of the stoichiometry of the phos- 
phorylating reaction is indicated. 

Chloroplasts from the leaves of young pea plants 
were isolated, washed once and re-suspended in an 
ice-cold buffer consisting of 135 gm. sucrose, 3-0 gm. 
tris(hydroxymethyl)aminomethane and 1-0 gm. sodium 
chloride per litre, adjusted to pH 7-95 with sulphuric 
acid. An amount of this suspension containing about 
50 ywgm. chlorophyll was placed in a l-cm.? cuvette 
with buffer, adenosine triphosphate (5 x 10-4 M), 
magnesium sulphate (3 x 10-3 M), hexokinase (1-3 
mgm.), glucose (1-5 x 10-2 M) and 1-0 ymole 
potassium ferricyanide. Dipotassium hydrogen phos- 
phate labelled with phosphorus-32 was added in 
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various amounts giving final concentrations from 
5 x 10-4 M to 2 x 10-2 M. Total volume of the 
reaction mixture was 2-0 ml. Ferricyanide reduction 
was followed spectrophotometrically in an apparatus 
described elsewhere®. The formation of adenosine 
triphosphate was measured by the method of Nielsen 
and Leninger®. The chloroplasts were illuminated by 
red light at intensities well above saturation. 

The levels of phosphate employed stimulated the 
rate of ferricyanide reduction from about 10 per cent 
to approximately 250 per cent. The rate in the 
absence of phosphate was re-determined every few 
minutes. By subtracting this rate from the rates 
observed with the various phosphate concentrations, 
rates were obtained which were attributed to the 
phosphorylating process. A proportion of the total 
ferricyanide reduction was thereby somewhat arbi- 
trarily assigned in each case to the phosphorylating 
process. Obviously, if this procedure is valid, a linear 
relationship between the amount of adenosine tri- 
phosphate formed and the amount of ferricyanide 
reduction assigned to the phosphorylating process 
should be observed, the linearity being a measure of 
the validity of the assumption and the slope of the 
line giving a measure of the stoichiometry of the 
phosphorylating reaction. 

Fig. 1 shows that the experimentally determined 
points do indeed lie reasonably close to a line which 
represents the ratio of adenosine triphosphate to 
electron pairs as 2. (The points nearest the origin are, 
of course, those least precisely located since they 
represent values obtained by the subtraction of two 
very similar rates. However, their position con- 
sistently above the line may well mean that the 
assumed complete independence of the phosphoryl- 
ating and uncoupled processes is actually only an 
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Fig. 1. Relationship between the amount of adenosine triphos- 
phate formed and the amount of ferricyanide reduction which may 
be attributed to the phosphorylation-coupled electron-transfer 
system. In each event one micromole of potassium ferricyanide 
was reduced by illuminated pea chloroplasts in the presence of 
optimal concentrations of adenosine diphosphate, magnesium ions, 
hexokinase and glucose. The rates of reduction of ferricyanide 
and formation of adenosine triphosphate were varied by 
changing the phosphate concentration of the medium. The 
reduction to be attributed to the phosphorylating system (Y) was 
calculated on the basis of the arbitrary assumption that the 
phosphorylating and non-phosphorylating systems were inde- 
pendent at high light intensities. Thus Y A—B/A X 1-0 umole, 


where A is the rate in the presence of phosphate and B is the rate 
in the absence of phosphate. Lines 1, 2 and 3 are the theoretical 
lines based on the above assumption with ratios of adenosine 
triphosphate to electron pairs equal to 1, 2 and 3 respectively 
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approximation of the truth.) This value of 2 agrees 
with the value obtained by Krogmann and Vennesland? 
for their ‘oxidative’ photophosphorylation, a pheno. 
menon which is probably fundamentally related jn 
some manner not yet elucidated to the ‘reductive’ 
photophosphorylation described here. It would 
appear, therefore, that chloroplast phosphorylations 
occur either at two oxido-reduction levels, each stage 
involving a two-electron shift, or alternatively, at a 
single level with the transfer of a single electron. In 
any event the implied formation of two molecules of 
adenosine triphosphate for each triphosphopyridine 
nucleotide ion reduced would furnish more than 
enough adenosine triphosphate for the operation of 
the photosynthetic cycle proposed by Calvin and his 
associates’, whereas one molecule of adenosine tri- 
phosphate per reduced triphosphopyridine nucleotide 
molecule would be insufficient. 


VOL. 188 


N. E. Goop 


Pesticide Research Institute, 
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Ramulosin, a CijpH;4O; Compound produced 
by the Fungus Pestalotia ramulosa 


EARLY in 1959 we obtained through the courtesy of 
Dr. D. Brewer of the Atlantic Regional Laboratory a 
non-sporulating strain of Pestalotia ramulosa v. Beyma, 
an imperfect fungus belonging to the order Melan- 
coniales. This strain was received as Truncatella 
ramulosa (v. Beyma) Steyaert, and is present in the 
Agricultural Research Service Culture Collection as 
NRRL 2826. When originally isolated by Brewer! 
from the tailing trough slime of a paper mill in New 
Brunswick, Canada, the organism formed spores 
typical of the species, but became asporogenous 
during subsequent transfers. 

In the course of our culture work with this strain, we 
noticed copious formation of white crystals when the 
fungus was grown for 4—5 weeks at room temperature 
on malt extract agar (malt extract, 20 gm.; peptone, 
1 gm. ; d-glucose, 20 gm. ; agar, 20 gm. ; distilled water. 
1,000 ml.). With the view of obtaining material for 
chemical investigation, we made a study of cultural 
conditions and found that in still culture as much as 
370 mgm. of crystalline product accumulated on the 
surface of a nutrient solution (100 ml.) contained in an 
Erlenmeyer flask (300 ml.). A pure product (m.p. 
121-122° C.), tentatively designated as ramulosin, 
was easily obtained by filtration, ether-acetone 
extraction of the dried mat, and recrystallization of 
the crude product from dilute alcohol. Elementary 
analyses and a Signer molecular weight determination 
showed the molecular formula to be CioH140s. 

Optimum temperatures for growth and crystal for- 
mation have been determined to be about 20° C. and 








strain 
not p! 
Che 


North 


Agi 
US. 


* Pr 
Station 
1 Brew 


Efi 


Du 
herri 
conte 
atten 
teria! 
the 1 

Ob 
alrea 
antik 
This 
acids 
and 

Th 
occu! 
patte 
gluta 
show 
day, 
and 
argir 
thro 

In 
over 
the | 
diffe 
Bact 
com} 

TI 
obse 
flora 
untr 
prot 
spp. 
relat 
acid 
whic 
cont 
acid 
tion 
the 
acid 

T 
dur! 
che 









88 


crees 


land? 
1eno- 
‘d in 
tive’ 
ould 
tions 
stage 
at a 

In 
38 of 
dine 
than 
n of 
1 his 
tri- 
tide 


»D 


1026 
9). 


5). 
siol., 


5). 
2205 


psis”’ 


he 











November 19, 1960 


15° C.. respectively. Above 27° C., there is very little 
wth and no crystal formation. Still cultures in 
flasks at 15° C. showed visual evidence of crystal 
formation in about 26 days; the 370 mgm. yield we 
report was obtained in 93 days. D-glucose and d- 
glutamic acid appear to be the best carbon and nitrogen 
sources for crystal formation. No sporulation by 
NRRL 2826 has yet been observed by us. Two other 
strains of Pestalotia ramulosa which do sporulate did 
not produce crystals. 
Chemical studies are in progress. 
CHESTER R. BENJAMIN* 
FRANK H. STODOLA 
Northern Utilization Research and 
Development Division, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Peoria, 
Illinois. 


* Present address: The National Fungus Collections, Plant Industry 
Station, Beltsville, Maryland. 
1 Brewer, D., Canad. J. Bot., 36, 941 (1958). 
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Effect of Tetracycline Antibiotics on the 
Proteolysis of Fish Muscle 


DurRING recent experiments on the storage of 
herring over a 21-day period in normal ice and in ices 
containing chlortetracycline and oxytetracycline, an 
attempt was made to correlate changes in the bac- 
terial flora with some of the changes which occur in 
the muscle. 

Observations on the lower volatile fatty acids have 
already been reported', when it was found that the 
antibiotics did not affect their rate of production. 
This work has now been extended to the free amino- 
acids, estimated by the method of Moore, Spackman 
and Stein*. 

The results obtained showed that the changes 
occurring in the amino-acids followed a regular 
pattern. Proline, methionine, threonine, alanine, 
glutamic acid, lysine, valine, isoleucine and leucine 
showed a gradual increase up to around the fourteenth 
day, followed by a decrease. Phenylalanine, tyrosine 
and serine showed little change, while histidine, 
arginine and possibly glycine decreased steadily 
throughout the period. 

In the cases where the amino-acid content changed 
over the period, there was always a larger residue in 
the treated, compared with the untreated, fish, this 
difference being greater at 14 days than at 7 days. 
Bacterial counts were lower on the skins of treated 
compared to untreated fish. 

There are three possible explanations for these 
observations : (1) the activity of the selected bacterial 
flora may be greater than that of the flora on the 
untreated fish ; (2) the selected flora are primarily 
proteolytic (Pseudomonas spp. and Achromobacter 
spp.), and even if their overall activity is not increased 
relative to the untreated fish, accumulation of amino- 
acids may occur due to the reduction of other groups 
which utilize them ; (3) autolysis in the muscle may 
continue independently of the bacterial flora, amino- 
acids thus formed being utilized by bacteria. Reduc- 
tion in the number of bacteria due to the presence of 
the antibiotics then leads to an accumulation of the 
acids in the treated fish. 

There is reason to believe that the flora selected 
during antibiotic treatment is less active bio- 
chemically, particularly in the presence of the anti- 
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biotics*-. Many enzyme systems are also depressed 
by antibiotics*. Thus it is unlikely that increased 
proteolysis occurs during antibiotic treatment, and 
it is therefore possible that the increased accumula- 
tion of the amino-acids in the treated fish was due to 
reason (3), the acids being produced autolytically, 
and their rate of accumulation governed by their 
assimilation rather than their production by bacteria. 
Furthermore, the observation that the increase in the 
amino-acids occurred during the first fourteen days of 
storage—before the stabilization of the dominant 
bacterial flora—again indicates that during the 
critical early stages of spoilage, proteolysis proceeds 
independently of the bacterial enzymes. 

These results will be reported in greater detail 
elsewhere. 

NrHAL N. DE SILVA 
R. B. Hucues* 
Torry Research Station, 
Department of Scientific and Industrial Research, 
Aberdeen. 

* Of the British Food Manufacturing Industries Research Associa- 
tion, Randalls Road, Leatherhead. 
1 Hughes, R. B., J. Sci. Food Agric., 11, 47 (1960). 
*? Moore, S., Spackman, D. H., and Stein, W. H., Anal. Chem., 30, 

1185 (1958). 

8 ruaeer A. C., and Michel, M., C.R. Acad. Sci., Paris, 240, 124 
* Michel, M., and Francois, A. C., C.R. Acad, Sci., Paris, 240, 808 (1955). 
5 Lerke, P. A., doctoral thesis, University of California (June 1958). 
* Eagle, H., and Saz, A. K., “Ann. Rev. Microbiol.”, 9, 173 (1958). 


Determination of Acid Phosphatase 
Activity in Cells of Prostatic Tumours 


A SIMPLE technique by which cell material can be 
easily secured from prostatic tumours with the aid of 
transrectal aspiration biopsy has recently been 
described'. The material thus obtained was shown to 
consist largely of plugs of epithelial cells with 
occasional admixture of blood. In the present work 
these tissue fragments were isolated for determination 
of their acid phosphatase activity. 

The aspirate from the prostatic gland was sus- 
pended in 10 c.c. citrate buffer of pH 4-9 (ref. 2), 
containing 0-015 per cent “Triton X-100’ (ref. 3) and 
rendered hypertonic by addition of 2 per cent sodium 
chloride in order to minimize diffusion of the enzyme 
from the cells‘. The large tissue fragments con- 
sisting of epithelial cells were sedimented by hori- 
zontal centrifugation for about 20 sec. at 500 r.p.m. 
In this series of experiments the sediment was 
washed twice more by re-suspension and centri- 
fugation in the above-described medium. The isolated 
and washed cell material was finally suspended in 
2 c.c. citrate buffer of pH 4-9 and stored in a re- 
frigerator at 4° C. for 24hr. The acid phosphatase 
activity of the cell-containing buffer solution was then 
estimated roughly by dropping 0-01 c.c. of the super- 
natant on to test paper specific for acid phosphatase, 
as previously described’. Taking as a guide the 
intensity of the coloured spot on the test paper, it 
was possible to select an appropriate incubation time 
(15-180 min.) for obtaining extinction for the final 
solution within the limits of the spectrophotometer 
used. In order to evaluate the enzymic activity 
quantitatively, the centrifuge tube containing the cell 
material in 2 ¢.c. citrate buffer of pH 4-9 was placed in 
a water-bath at 37° C. for 5 min. Substrate (0-2 c.c. 
of 1 per cent solution of disodium phenyl phosphate) 
was added to the tube. After a given time based on 
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Table 1. ACID PHOSPHATASE ACTIVITY OF CELLS FROM PROSTATIC 
TUMOURS 
Acid phos- | Protein | Acid phos- | 
| phatase act- | content | phatase act- 
Case | ivity* of in micro-| ivity* per | 
No. Diagnosis isolated cell grams vem. protein 
| material 
1 | Benign 457 | 45 | 10-2 
| hypertrophy 527 37 14-2 } 
2 Benign 
| hypertrophy 1,134 294 3-9 
3 Benign 2,267 96 «| 26-6 | 
hypertrophy 831 52 16-0 
4 Cancer 13-2 25 0-5 
| 19-2 | 23. Cs 0-8 
5 | Cancer 14-0 49 0:3 
| 6 


| 9 52 0-1 
! | 


* Enzymie activity expressed in yam. phenol liberated during 1 hr. 


the activity estimated by the test paper method, the 
reaction was arrested by addition of 2 c.c. saturated 
sodium fluoride solution. The tube was centrifuged 
for 5 min. at 5,000 r.p.m.; the supernatant was then 
decanted into a test-tube and the amount of phenol 
therein determined according to the method of Stol- 
bach et al.*, using a diazo reagent. The sedimented 
material was preserved for subsequent protein assay 
by the method of Lowry et al.*. 

The acid phosphatase activity of cell material 
isolated from prostatic tumours—in most cases two 
parallel determinations were performed—is shown 
in Table |. Also shown is the total protein content of 
the sedimented material following incubation, as 
well as the acid phosphatase activity per ugm. of 
protein. It will be seen that the enzymic activity in 
cells isolated from prostatic carcinoma was lower than 
that in cells isolated from benign hyperplasia. 

A more detailed report of the present work, 
including correlation of the acid phosphatase activity 
found in cells from prostatic tumours with the 
enzymic activity in circulating blood, will be published 
at a later date. 





P. L. Espost1 
Department of Urology, 
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Diurnal Variation in Aldolase and 
Phosphatase Activity in the Cactus Plant 


WHEREAS considerable information is available 
regarding the enzymatic mechanism of carbon 
dioxide fixation during acidification in succulents, 
very little seems to be known about the role of 
enzymes in the diurnal variation in acids and carbo- 
hydrate. If the 3-carbon atom acceptor of carbon 


dioxide is derived from starch or sugar by the 
Embden—Meyerhof-—Parnas series of reactions, aldolase 
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may be expected to play an important part in the 
processes of acidification and de-acidification. We 
have studied the activity of aldolase in cactus tissue 
at different hours of the day and night, and have 
found a marked diurnal variation. Phosphatase 
activity was also found to undergo rhythmic alter. 
ation. 

Nopalea dejecta used in the experiments was 
grown in the open, in garden soil. Aldolase activity 
was assayed by the method of Sibley and Lehninger', 
The aetivity of the enzyme was expressed in mm.? of 
fructose-1 : 6-diphosphate split in 30 min. at pH 8-4, 
Phosphatase activity, using pre-adjusted sodium 
pyrophosphate as substrate, was assayed by the 
method reported earlier’. A unit of this enzyme 
liberated 1 ugm. orthophosphorus at 30° C. in 15 min. 
at pH 6-0. The specific activity of the enzymes was 
calculated in terms of mgm. dry weight. 

The analytical data for aldolase, phosphatase, 
total acidity, total nitrogen (by the micro-Kjeldahl 
method) and protein (by the biuret reaction) obtained 
in a typical experiment are shown in Table 1. 








Table 1. DIURNAL VARIATION IN Nopalea dejecta 
Acidity/gm. Total 
Hours of | Specific activity/ dry weight | nitrogen/ | Protein/ 
collection | mgm. dry weight of tissue gm. dry | gm. dry 
of samples (ml. V/10 weight weight 
Aldolase Phos- sodium of tissue | of tissue 
phatase | hydroxide) (mgm.) (mgm.) 
8 a.m. 4-07 72 47-6 188 | 86 
12 a.m. 3-32 10°3 11-7 19-6 101 
4 p.m. 2°31 11°8 8-0 19-7 102 
8 p.m. 3-00 10°5 12-6 18-4 82 
12 p.m. 3-62 9-5 20-0 18-4 72 
4 a.m. 4-96 9-5 28-8 17°9 63 














The results show that aldolase specific activity 
was high at 8 a.m., and that there was a drop during 
the next 8 hr., the activity at 4 p.m., being the 
minimum. There was a subsequent progressive 
inerease in the enzyme activity, the specific activity 
at 4 a.m. being the maximum during the 24-hr. 
period of observation. Phosphatase activity also 
showed a diurnal variation, but in the reverse 
direction and of a lower magnitude. The activity in 
the samples at 12 a.m. and 4 p.m. was higher than in 
the samples collected earlier in the morning and late 
at night. The titratable acidity was high in the 
morning and at night and was a minimum in the day- 
time, as was to be expected. Total nitrogen per mgm. 
dry weight did not alter significantly over the 24-hr. 
period. However, the protein content was found to 
alter, being distinctly higher in the samples collected 
at 12 a.m. and 4 p.m. It may also be pointed out that 
the diurnal alteration in the aldolase activity becomes 
even more prominent when the activity is expressed 
in terms of mgm. protein instead of mgm. dry weight. 
Assays carried out on mixed homogenates established 
that the diurnal variations in aldolase and phospha- 
tase activity were real and not apparent. 

The increased aldolase activity observed in the 
dark may be thought of as an adaptive response 
leading to increase in phosphoenolpyruvic acid, the 
acceptor of carbon dioxide during the acidification 
phase of crassulacean metabolism. As already 
reported®, the phosphatase of cactus homogenate 1s 
unspecific and acts also on fructose-1 : 6-diphosphate. 
It is likely that the increase in phosphatase activity 
in the day-time is related to increased synthesis of 
carbohydrate from organic acid, one step of which 
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series of reactions requires the hydrolytic split of a 
phosphate group of fructose-1 : 6-diphosphate. 

G. G. SANWAL 

P. S. KRisHNAN 


No. 475i 


Division of Biochemistry, 

Lucknow University, 

Lucknow. 

1Walker, D. A., Biochem. J., 67, 73 (1957). 
? Walker, D. A., and Brown, J. M. A., Biochem. J., 67, 79 (1957). 
?Walker, D. A., Biochem. J., 74, 216 (1960). 
‘Sibley, J. A., and Lehninger, A. L., J. Biol. Chem., 177, 859 (1949). 
‘Sanwal, G. G., and Krishnan, P. 8., Enzymologia, 22, 51 (1960). 


Biochemical Chlorination in Streptomyces 
aureofaciens 


TuIs communication is concerned with the effect 
of chlorinated fatty acids on the formation of chlor- 
tetracycline. Experiments were carried out with 
shake cultures of Streptomyces aureofaciens, strain 
B-28 (ref. 1). 

It has already been shown?!-? that some strains of 
Streptomyces aureofaciens are able to utilize exhaus- 
tively the chloride content of an available medium 
for the synthesis of chlortetracycline. We have found 
that replacing the inorganic chloride of the medium 
by the organically bound chlorine of some chloro-fatty 
acids, the micro-organism was capable of using this 
different source of chlorine also for the synthesis of 
chlortetracycline. Quantitative differences could be 
detected in the rate of utilization of chlorine, depend- 
ing on the structural position of the chlorine atom 
(Table 1). This type of chlorination was also sub- 
stantially inhibited by bromide as well as 2,5-dimer- 
capto-1,3,4-thiadiazole. 


Table 1. UTILIZATION OF THE CHLORINE OF CHLORO-FATTY ACIDS FOR 
THE BIOSYNTHESIS OF CHLORTETRACYCLINE 


Per cent 
Sodium chloride (1-5 x 10-* M) 100-0 
Chloroacetic acid a 84°5 
Dichloroacetic acid ee 10-1 
Trichloroacetic acid Pe 4-9 
a-Chloropropionic acid 20 4°7 
8-Chloropropionic acid -_ 67-3 
a,8-Dichloropropionic acid ~ 21-7 
a-Chlorobutyric acid os 8-3 
8-Chlorobutyrie acid os 53-9 
y-Chlorobutyric acid a 70°3 
a,8-Dichlorobutyric acid ja 12°3 


Considering the possibilities of chlorine utilization 
from chloro-fatty acids, three pathways may be sug- 
gested as shown in Fig. 1. 

The first step in reaction 1 supposes a dechlorina- 
tion of the chloro-fatty acid (enzymic or spontaneous) 
yielding inorganic chloride which would be utilized 
further in the usual way. The second reaction may be 
regarded as a ‘transchlorination’ process, that is, a 
transfer of chlorine from one substrate to another 
without mixing with inorganic chloride. In the 
case of the third reaction ‘incorporation proceeds 


E 
ClI-R—COOH ee, - 1 RCI So CTC 





E; 


Fig. 1. E,, E, and EZ, represent the enzymes or enzyme systems 
catalysing the different reaction patterns. AR is substituted for 
a single or longer hydrocarbon chain, while R’ has to be inter- 
preted as a common hypothetical intermediate of the biosynthetic 
process leading to tetracyclines, which can be chlorinated to 
form chlortetracycline (CTC), otherwise in the absence of 
utilizable chlorine it participates in tetracycline production 
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without the cleavage of the original carbon-chlorine 
bond of the chloro-fatty acid. 

Since our experimental results (to be published 
elsewhere) precluded the possibility of spontaneous 
chlorine decomposition, only an active enzymic 
dechlorination can be assumed for the first case. On 
the basis of our early investigations, occurrence of 
the third reaction type seems to be less probable. 
This conclusion is supported by the incorporation 
results obtained with the isomeric chloro-butyric 
acids, too; namely, in the case of an incorporation 
reaction proceeding without the cleavage of the 
earbon-chlorine linkage—particularly fragmentation 
of the fatty acid molecule is reasonably assumed by 
this process—the significant differences yielded with 
the chloro-butyric acids (Table 1) are scarcely inter- 
pretable. Considering the intramolecular structural 
arrangements of the variously substituted acids and 
the possibility of steric inhibition, results summar- 
ized in Table 1 can be well explained on the basis of 
reaction 1 or 2. More detailed results and discussion 
will be published shortly, elsewhere. 

8S. J. KotiAr 
M. JARAI 
Biochemical and Microbiological Laboratories, 
Department of Antibiotics, 
‘Chinoin’ Chemical and Pharmaceutical Works, 
Budapest. 
’ Kollar, S. J., and Jérai, M., Acta Microbiol. Hung., 7, 1 (1960). 
* Doerschuk, A. P., McCormick, J. R. D., Goodman, J. J., Szumsk, 
8. A., Growich, J. A., Miller, P. A., Bitler, B. A., Jensen, E. R., 


atrishin, M., Petty, M. A., and Phelps, A. S., J. Amer. Chem. 
Soc., 78, 1508 (1956); 81, 3069 (1959). 


Hydroxyproline in Primary Cell Walls 
of Higher Plants 


Various investigators have given evidence for the 
presence of protein in the cell walls of higher plants'-*. 
We give evidence here for the occurrence of protein, 
in the walls of sycamore (Acer pseudoplatanus L.), 
and bean (Phaseolus vulgaris). This protein contained 
hydroxyproline, and differed in this respect from the 
protein of the cell contents. Hydroxyproline has been 
found by Steward and Thompson’ to occur in the 
protein of tissue cultures of carrot and potato, and 
Pollard and Steward® showed that the protein 
containing this imino-acid was stable in the growing 
eells and was not metabolized. 

The plant tissues used in this work are listed in 
Table 1. The rotary shaker technique described by 
Nickell® was used for growing the sycamore cell 
suspensions which were derived from callus tissue 
originating from explants of secondary cambial 
tissues taken from the tree in November 1958. Bean 
cell suspensions were derived from hypocotyl or 
seeds. Growth was measured by withdrawing samples 
from the cultures and determining the dry weight of 
cells per ml. of suspension over a period of 21 days. 

“yeamore and bean cells were broken by shaking a 
thick suspension in water with glass beads (2 mm. in 
diameter) at approximately 50 c./sec. for 2 min. at 
2° C. in a cell mill’®. Microscopic examination showed 








Table 1. ANHYDRO HYDROXYPROLINE CONTENT OF CELLS AND CELL 
FRACTIONS (PERCENTAGE DRY WEIGHT) 
;-— 
| Whole cells | Cell walls | Cell contents 
Sycamore cell suspensions 0:51 1-28 <0O1 
Phaseolus vulgaris callus 0-425 2-7 — 
Hypocotyl 0-36 0°88 — 
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that no intact cells were present after the procedure. 
The walls were isolated and washed 15 times with 
water by centrifugation (800g for 30 sec.). The cell 
contents were isolated by freezing and drying the 
supernatant from the cell-wall preparations. 

The preparations were hydrolysed with 6 N hydro- 
chloric acid in a sealed tube at 105°C. for 18 hr., 
and after evaporation under reduced pressure, the 
hydroxyproline was estimated by the method of 
Neumann and Logan!''. A quantitative amino- 
acid analysis was made by the method of Moore, 
Spackman and Stein'*. The results are shown in 
Tables 1 and 2. 


Table 2. AMINO-ACID ANALYSIS OF SYCAMORE CELL WALL PREPARA- 


TIONS 


Gm. anhydro residues/100 Residues/10° gm. 


gm. protein protein 
Hydroxyproline 12-9 114 
Aspartic 8-5 74 
Threonine 3-8 38 
Serine 9-4 108 
Glutamic 8-2 64 
Proline 4-5 46 
Glycine 3-2 56 
Alanine 3-6 50 
Valine 6-2 63 
Methionine 1°5 12 
iso Leucine 3°8 33 
Leucine | 5-7 51 
Tyrosine 5-1 31 
Phenylalanine 4-4 30 
Lysine 13-0 102 
Histidine 3:4 25 
Arginine 3°3 22 
Hydroxylysine 0-0 0 





Of the total hydroxyproline of the cells, nearly all 
was found in wall hydrolysates, while only traces 
(< 0-1 per cent) appeared in hydrolysates of the cell 
contents. The percentage of hydroxyproline in the 
wall protein is similar to that of mammalian colla- 
gens'® but the amino-acid analysis shows no other 
similarities (Table 2). No amino-sugars have been 


detected. 

Although the hydroxyproline content of the 
sycamore wall preparation varies slightly with 
different growth conditions, it remains the same 


when cells from the same culture are broken under 
various conditions. We have used cells suspended in 
0-1M triethylamine, in buffers at pH2 (0-1M 
glycine/hydrochloric acid and 0-1 M acetate), pH 10 
(0-1 M borate), and in 40 per cent sucrose in which 
the cells were plasmolysed. These extreme conditions 
were chosen to neutralize acidic and basic groups 
respectively and to prevent adsorption of protein 
during cell breakage. 

The percentage of wall in the cell may be calculated 
from the hydroxyproline content estimated for the 
whole cells and cell walls. For sycamore in the 
stationary phase of growth the figure obtained 
was high (40 per cent), but this agreed very well with 
that obtained by quantitative recovery of walls from 
a known weight of cells. 

The primary nature of these walls is inferred not 
only because of their origin from rapidly dividing 
cells (the mean generation time during exponential 
growth was 48 hr.) but is also suggested by other work 
still in progress. This has shown (a) that the wall is 
about 1200-A. thick when sectioned and examined 
with the electron microscope ; (b) that parallel or 
fasciated microfibrils are not present; (c) that the 


walls contain pectin, hemicellulose and «-cellulose 
in proportions typical of cambial tissue. 
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The evidence suggests that protein containing 
hydroxyproline is an integral part of the wall of 
actively growing cells. 

We wish to thank Miss B. Worboys for carrying 
out amino-acid analysis. One of us (D. T. A. L) 
gratefully acknowledges the receipt of a grant from 
the Agricultural Research Council. 

Note added in proof : We are pleased to note that 
D. K. Dougall and K. Shimbayashi (Plant Physiol, 
35, 396; 1960) detail essentially similar findings to 
our own. 


Derek T. A. Lamporr 
D. H. NortTucore 


Department of Biochemistry, 
Tennis Court Road, 
Cambridge. 
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PHYSIOLOGY 


Kinetics of Muscular Contraction : 
the Approach to the Steady State 


A DISTINCTIVE feature of muscular contraction is 
the dependence of the contractile force on the con- 
traction velocity. For steady contractions, at a given 
length of the muscle, the interaction between force 
and motion is characterized by the well-known 
‘force—velocity’ relation’. In the present experiments 
this interaction has been characterized further by 
measuring the kinetics with which a steady contrac- 
tion velocity is established following a step change in 
force. 

The experiments were made with an apparatus 
which simultaneously measured both the motion of, 
and the force developed by, the sartorius muscle of 
the frog. The tibial end of the muscle was attached 
to alever. Displacement of the muscle was measured 
by coupling the lever to an RCA 5734 transducer 
tube through a compliant spring. Force was recorded 
by measuring, with a second 5734 tube, the strain of 
the structure supporting the pelvic end of the muscle. 

To minimize distortion of the displacement record 
by the inertia of the recording system, the lever was 
made as light as possible without sacrificing rigidity : 
the equivalent mass at the point of attachment of 
the muscle turned out to be approximately 170 mgm. 
The lever was loaded with a nearly inertia-less force, 
a compliant spring attached near the fulerum and 
stretched by a weight. To dampen unavoidable high- 
frequency mechanical oscillation, viscous loading was 
also added : the lever was constrained to pull a length 
of wire (41 mgm.) through heavy oil. The loaded 
lever was prevented from stretching the muscle by a 
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Q e f ~ew 
Fig. 1. Response of frog sartorius muscle to a sudden change 
in force. Upper trace, displacement; lower trace, force; time 


marks, 10 msec.; standard length, 35 mm.; weight, 66 mgm. ; 

temperature, 0° C. The muscle is initially at the standard length 

and the record is started after full tetanic force, P,, has developed. 

The vertical line defines ¢,. Afterload: (@) 0-84 Po, (6) 0°69 Po, 

(c) 0-55 Po, (d) 0°40 Po, (e) 0-26 Po, (f) 0°10 Po. In (g) the muscle 

is replaced by a spring of compliance 0-017 mm./gm. The after- 

loads in consecutive releases are the same as (a), (0), (c), (d) 

and (e), respectively 
stop ; a second stop, which could be suddenly with- 
drawn, controlled release of the lever. 

The muscle, in Ringer solution at a controlled 
temperature, was stimulated (0-1 msec. pulses, 30 
¢.p.s.) with a multielectrode assembly. After tetanic 
force (P5) was fully developed, the stop on the lever 
was suddenly withdrawn. Recording started just 
prior to release of the lever: displacement and force 
were simultaneously displayed on the upper and lower 
traces of a double-beam oscilloscope. 

A typical experiment showing the motion of the 
muscle when the load on the lever was suddenly 
reduced from P, to P < Po», at 0° C., is shown in 
Fig. 1. The motion divides naturally into two 
phases, separated by the vertical line (which defines 
t,). In the first phase, contraction is accompanied 
by a rapid fall in force. (This is the classical ‘quick- 
release’ experiment?. The stress-strain relation in 
this phase characterizes the ‘series elastic’ element’.) 
After the force of the muscle falls to the value of the 
load on the lever, there follows a second phase in 
which the displacement takes place at essentially 
constant force (isotonic). However, the contraction 
velocity does not reach the steady value V(P) until 
at least 15 msec. after tj. For the force steps in a, b 
and c, the velocity is first greater than, and then less 
than, the final steady value. With greater force 
steps, d, e and f, the approach to the steady state is 
more discursive. 

Is the delay in reaching a steady contraction 
velocity in the second phase attributable to the con- 
tractile element of the muscle or to the mass of the 
recording system? The latter possibility arises 
because the effective elasticity of the muscle and the 
of the lever interact to form an oscillating 
system. However, this inertial contribution to the 
displacement record can be evaluated because it is 
reflected as a corresponding transient in the force 
record. This is shown in g, where the muscle was 
replaced by a simple spring the elasticity of which 
approximates that of the ‘series elastic’ element. When 
the spring is stretched to a force of P, and the lever, 
with different afterloads, is released, oscillation in the 
displacement trace is exactly mirrored in the tension 
trace. The amplitude of this inertial transient in- 
creases with the magnitude of the tension step ; 
the period is less than 4 msec. 


mass 
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In the experiments with muscle, since the force 
beyond ¢, is substantially constant in a, 6 and c, the 
velocity transients in these cases can be attributed 
entirely to the contractile element. The fact that the 
duration of these transients (> 15 msec.) is consider- 
ably greater than the period of the inertial transient 
(see g, and also the force traces of d, e and f) is in 
agreement with this conclusion. Of course, since P 
is constant there can be no change in the length of 
passive elastic elements in series with the muscle. 

The same criterion applied to d indicates that the 
velocity transient in this case includes a just measur- 
able inertial contribution. In e, and even more so in 
f (where the inertial contribution is just visible), the 
velocity transient is distorted by the inertia of the 
recording system. 

The influence of temperature on the kinetics of the 
isotonic velocity transient is shown in Fig. 2. Releases 
from tetanic tension to the same afterload (one for 
which the transient is prominent) were made at 
0°, 3-5°, 7-0° and then again at 0°. The duration of 
the velocity transient, A, estimated graphically, is 
obviously a function of temperature, which makes it 
extremely unlikely that the transient could have 
originated in the recording system. In fact, the 
temperature coefficient of A is nearly the same as 
that of V/P», suggesting that both the duration of 
the transient and the characteristic speed are con- 
trolled by the same process. 

It has often been supposed that the force—velocity 
relation for steady contractions, V = V(P), can be 
applied to contractions in which P and V are not 
constant. Thus the motion of the contractile element 
has been calculated from the instantaneous tension, 
P(t), by integration of the foree—velocity relation! : 


f Vat = f V(P()at (1) 


This equation neglects the time required for the 
velocity of the contractile element to adjust itself to a 
change in force. Since the present experiments show 
that a measurable time, the magnitude of which 
depends on the change in force, is required for the 
steady velocity to become established, equation (1) 
cannot be expected to yield quantitative results. 
Careful analysis of the isometric myogram has led 
to the same conclusion‘. 





10 gm 
lOmsec 


— | 

















4 row 


Fig. 2. Influence of temperature on the isotonic velocity transient. 

Upper trace, displacement; lower trace, force; time marks, 

10 msec. Same muscle as Fig. 1. (a) 0°, (6) 3°5°, (ce) 7-0° and 

then (d) 0°. A is a graphical estimate of the duration of the 
isotonic velocity transient 
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The line defined by backward extrapolation of the 
steady contraction intersects the displacement trace 
very nearly at ¢,, which means that the time average 
of the velocity transient is approximately equal to 
It is for this reason that 


the steady-state velocity. 
the isotonic quick-release method of measuring series 


elasticity gives results similar to those found with the 


controlled-release method‘. 


The observed velocity of the muscle is the average 


of the velocities of the individual parallel fibres, 
weighted according to the fibre elasticity. If there 
were dispersion in either the force—velocity relation 
of the contractile elements or the stress-strain relation 
of the elastic elements, at ¢, the individual muscle 
fibres would begin to shorten at somewhat different 
velocities. However, the velocity differences would 
not persist because the difference between the 
displacement of the muscle and that of each fibre 
would be taken up in the fibre elastic element, 
changing the force therein, until the velocity of each 
fibre became the same. Since the change in muscle 
velocity resulting from this process will be consider- 
ably less than the range of fibre velocities at ¢,, it is 
unlikely that equilibration of fibre velocities could 
contribute appreciably to the very wide range of 
velocities in each of the isotonic transients described 
above. Also, the fact that the velocity transients were 
reproducible in more than 30 different preparations 
suggests that dispersion of fibre properties can be 
neglected. Apparently, the transients reflect directly 
the working of the contractile element ; in this case, 
the kinetics provide a quantitative basis for evaluating 
models of the contractile process. 


R. J. Popoitsky 


Naval Medical Research Institute, 
Bethesda, Maryland. 
' Hill, A. V., Proc. Roy. Soc., B, 126, 136 (1938). 
* Gasser, H. 8., and Hill, A. V., Proce. Roy. Soc., B, 96, 398 (1924). 
* Hill, A. V., Proce. Roy. Soc., B, 187, 273 (1950). 
* Jewell, B. R., and Wilkie, D. R., J. Physiol., 143, 515 (1958). 


Disuse of a Central Synapse and 
Spontaneous Activity in the Optic Nerve 


CurRENT theories of learning assume that trans- 
mission through a synapse is facilitated by repeated 
use of that synapse'. Some support for this theory is 
provided by the occurrence of ‘post-tetanic potenti- 
ation’ at many synapses, although the duration of this 
effect, a few minutes at most, can scarcely reflect 
the long-lasting changes responsible for learning and 
similar phenomena. It has been argued that disuse 
of a synapse should produce the reverse effect, a 
decreased synaptic efficacy. The experiments of 
Eccles et al.* showed that after a few weeks disuse 
of the synapse between la afferents and moto- 
neurones in the spinal cord there was almost complete 
absence of the post-synaptic response, but post- 
tetanic potentiation lasted for a much longer time 
than normally. In these experiments, disuse was 
obtained by severance of the afferent fibres, neces- 
sarily causing damage to the surviving parts of the 
neurones. These authors stressed the desirability of 
avoiding such damage in the study of disused synapses. 

We have attempted to produce disuse in the dorsal 
nucleus of the lateral geniculate ganglion of cats, in 
the synapse between optic nerve fibres and lateral 
geniculate cells. In one series of experiments light was 
excluded from the eyes of adult cats either by keeping 
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them in a darkroom (4 cats kept for approximately 3, 
10, 16, 17 months respectively) or by covering one 
eye with a special light-tight mask (1 cat, 2 months), 
In another series the visual receptor cells were 
selectively destroyed by oral administration of g 
drug, 1:5-di-(p-aminophenoxy)pentane dihydro. 
chloride (M. and B. 968A)*; 5 cats have bee, 
examined at approximately 11 days, one month, 
7 months, 7 months and 13 months respectively 
(‘treated’ cats). 

The synapse has been studied by stimulating the 
optic nerve electrically and recording with a steel 
microelectrode the electrical field response in the 
lateral geniculate ganglion; the anzsthetic wag 
allobarbitone (‘Dial’, Ciba). Briefly, we find the optic 
nerve normal in both groups by all our criterig— 
threshold, conduction velocity, excitability (both 
after single and repetitive stimulation). The post. 
synaptic response is also normal in the cats kept in 
darkness. It is only in the treated cats that there is 
any difference. Even here the response to a single 
stimulus is quite normal with regard to latency, 
amplitude and wave form; there is certainly no 
depression. However, during and following repetitive 
stimulation there is much less depression of the 
synapse than in normal cats. 

Excitability of geniculate cells to orthodromic 
stimuli was measured in 2 of the treated cats using 
conditioning and test pulses in the usual way. In 
the normal cat there is a depression of the post- 
synaptic response maximal at about 20 msec. after 
a single response; at this time the response is 
reduced to about 32 per cent of normal (range 20-44 
per cent)‘. In the treated cats, apart from changes 
occurring within about 3 msec. (which were noi 
examined in detail in these experiments) the excit- 
ability of the synapse did not fall below 70 and 80 per 
cent respectively. 

Excitability was also tested in all cats by applying 
trains of stimuli. In the normal cat (Fig. la) genicu- 
late cells will discharge only 3 or 4 times in response 
to volleys in the optic nerve at frequencies of about 
250/sec.; cats kept in darkness behave similarly 
(Fig. 1b). On the other hand, in treated cats some 
geniculate cells can fire almost indefinitely at this 
rate and in general the postsynaptic response shows 
much less depression with successive afferent volleys 
(Fig. le and d). 

There are also changes in the post-tetanic re- 
sponsiveness of geniculate synapses. In the normal cat 
tetanic stimulation of the optic nerve at about 500) 
sec. for about 15 sec. is followed by a brief period of 
potentiation and then a period of depression, usually 
profound, lasting for hours®,*. This depression, 4 
very striking feature in the normal cat, is also 
obtained in cats kept in darkness but not at all in 
the treated cats, even after only 11 days blindness. 

The retinas and lateral geniculate nuclei of several 
cats have been examined histologically. In cats kept 
in darkness both structures appear normal with 
Nissl staining. In the treated cats there was con- 
siderable destruction of visual receptor cells, but the 
bipolar and ganglion cells of the retina and the 
geniculate cells appear normal. We assume, therefore, 
that the drug has no direct action on any part of the 
visual system except the receptor cells. Now, 
although there is a spontaneous discharge in the 
retinal ganglion cells, this is dependent on the 
integrity of the visual receptor cells’. Hence in our 
treated cats the optic nerve must be relatively silent 
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Fig. 1. Recording from the lateral geniculate ganglion. Responses 
to a train of 6 or 8 stimuli applied to optic nerve. Stimulus 
strength about twice threshold in each case. Response to a 
single stimulus consists of a Sa wave (f,) due to 
the large optic tract fibres, followed by a negative wave (r,) due 
to the geniculate neurones. (4) Stimulus artefacts. Note that ¢, 
is only slightly affected during the train, whereas r, is greatly 
depressed in (a) (normal cat) and (6) (cat kept in darkness) and 
much less depressed in (c) and (d) (2 treated cats). Horizontal 
bars 10 msec. Negativity upwards 





md the electrophysiological changes we observe 
nust be due to disuse of many of the lateral genicu- 
late ganglion synapses. 

Two important inferences can be made from these 
results. The first is that disuse in this synapse does 
not reduce synaptic efficacy; in fact the synapse 
hows an improved ability to transmit impulses. 
This observation is in agreement with those on the 
peripheral nervous system in which disuse causes 
hypersensitivity of the post-synaptic element, both 
to drugs and to nervous impulses*. This hyper- 
ensitivity can be produced not merely by de- 
nervation but also by section or inactivation of pen- 
timate or even antepenultimate neurones. There is 
ilso evidence that similar effects can be obtained 
within the central nervous system®. 

Because geniculate cells do not normally require 
much convergent activity to discharge them® the 
single response might not appear very different even 
if the cells were hypersensitive. Furthermore, there 
s only a small ‘subliminal fringe’ of cells in the 
lateral geniculate ganglion®. Hence a hypersensitivity 
would show itself only when the synapse was other- 
wise depressed, for example, during a tetanus and 
luring the prolonged depression that follows a brief 
tetanus. Under such conditions the post-synaptic 
response remains large in the treated cats. 

Although the disuse produced by Eccles and his 
olleagues may be a disuse complicated by damage, 
their finding that there is a parallel improvement in 
adjacent synapses which probably received increased 
use is free of this criticism and supports the assumption 
mentioned in the first sentence of this report. Experi- 
ments involving disuse of a synapse may not be 
helpful for theories of learning if the synapse involved 
has already been used. It might be more profitable 
to study synapses before they come into use, for 
example, in foetal material or very young animals. 
The second inference is that since the geniculate 
synapses in cats kept in darkness do not show this 
change they cannot be disused and must therefore 
be receiving a continuous discharge from the retina. 
It is known that there is such a spontaneous discharge 
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in optic nerve fibres even after dark-adaptation for 
1 hr. (apparently the longest period of obser- 
vation)'®. Our results suggest that this discharge 
continues indefinitely in the dark. The spontaneous 
discharge of sensory receptors in the absence of 
obvious stimuli is well known, of course, and may 
be a necessary condition for a high degree of sen- 
sitivity. 

Full details of these experiments will be published 
elsewhere. This work was aided by grants from the 
National Health and Medical Research Council of 
Australia, from the Ophthalmic Research Institute 
of Australia and from the Consolidated Medical 
Research Funds of the University of Sydney. The 
M. and B. 968A was kindly supplied by Dr. R. Wien 
of May and Baker, Ltd., Dagenham, Essex. 

W. BuRKE 
W. R. HayHow 





Department of Physiology, 
University of Sydney. 
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Prophylactic Treatment of Post-traumatic 
Audiogenic Epilepsy 

Reactivity of rats to a strong acoustic stimulus 
may be increased by the formation of artificial epilep- 
togenic foci by local application of aluminium hydrox- 
ide (alumina-cream!') in various regions of the brain, 
especially the cortical motor and acoustic area. 

Foci treated with alumina-cream correspond mor- 
phologically and functionally to post-traumatic 
epileptogenic foci'. 

The possibility of preventing the onset of post- 
traumatic epilepsy by prophylactic administration of 
anti-epileptic drugs during the latency period, that is, 
between trauma and the appearance of the first 
seizure, has, as yet, neither been studied experiment- 
ally on animals nor statistically evaluated in clinical 
material. 

In the present experiments an attempt has been 
made to influence the onset and the course of post- 
traumatic audiogenic epilepsy by prophylactic ad- 
ministration of phenyl-ethyl-barbiturates (‘Dormiral’, 
Spofa). 

Experiments were performed on rats two months 
old, non-susceptible to an acoustic epileptogenic 
stimulus at 6-8 weeks of age. Since the non-suscepti- 
bility at this age does not exclude, according to our 
experience (at least in some of the genetic strains), 
the possibility of onset of audiogenic epilepsy at a 
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Table 1. NUMBER OF EPILEPTIC RATS, NUMBER OF RATS WITH CONVULSIVE SEIZURES AND AVERAGE NUMBER oF 
CONVULSIVE SEIZURES IN INDIVIDUAL GROUPS 
’ Epileptic rats Rats with convulsive seizures 7 * 
Group n ea Ea wtehatenentiente Average % of 
2 : a number % € number a ___| convulsive seizures 
T 29 | 21 | 72-5 14 48:3 37:73 
Cc 31 14 45-2 ll 35-5 31-10 
| Pp 18 7 33-9 3 16-7 12-40 
| 1 2 | 3 
Significance: 711 x C1 — x2 = 3-526, P = 0-05 a 
T1x P1 — x? = 3-830, P = 0-05 
T2x P2—,? 3-540, P = 0-05 
T3x P3—t = 2-152, P = 0-05 


later age, a control group of rats was formed without 
trauma, the susceptibility of which to an acoustic 
epileptogenic stimulus was determined throughout the 
experiment and with which the experimental groups 
were compared. 

The motor and acoustic area of the ipsilateral 
hemisphere was traumatized in 63 animals by micro- 
injection of 16 mm.’ alumina-cream with the aid of a 
stereotaxic apparatus. In 30 of these rats thus 
traumatized phenyl-ethyl-barbituric acid was ad- 
ministered for eight weeks in a dose 1-180 gm./kgm. 
body-weight per os. During the following six weeks 
this dose was gradually reduced to zero. Both groups 
of rats, traumatized and control, were then tested 
twice a week with a strong acoustic stimulus. The 
occurrence and symptomatology of the seizures was 
observed for a period of 150-160 days after trauma, 
or fifty-sixty days after termination of prophylactic 
treatment (that is, up to the age of 210-220 days). 
Twenty-nine traumatized rats, 18 traumatized rats 
with prophylactic anti-epileptic treatment and 31 
control rats survived the experiment and were 
included in the final statistical evaluation. 

Survey of results is given in Table 1 and Fig. 1. 

From these it can be concluded that the number of 
epileptic rats in the group with prophylactic treat- 
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Fig. 1. Above, white columns, percentage ca 2 rats in 
individual groups; black columns, percentage rats with con- 


vulsive seizures; below, average percentage of convulsive seizures 
in relation to the total number of seizures in epileptic rats of 
individual groups. 


T, group of rats with traumatic foci without prophylactic treat- 
ment; P, group of traumatized rats with prophylactic treatment; 
C, control group 





ment did not differ fundamentally from the contro] 
group. Prophylactic treatment thus reduces the 
occurrence of post-traumatic audiogenic epilepsy to 
the level of the control group and also reduced the 
occurrence of post-traumatic epilepsy with convulsive 
fits. 

Rats in which audiogenic epilepsy occurred in spite 
of prophylactic treatment exhibited a significantly 
smaller number of convulsive seizures (see lower half 
of figure), that is, lighter forms of audiogenic epilepsy. 

Servit 
Physiological Institute of 
Czechoslovak Academy of Sciences, 
Na Cviéisti 2, Praha 6. 


1 Kopeloff, L. M., Barrera, E., and Kopeloff, N., Amer. J. Psychiat.. 
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Physiol. bohemosl., 9, 43 (1960). Servit, Z., and Sterc., J., Nature 
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Rate of Passage of Inert Particles through 
the Alimentary Tract of the Cow 


In studying the effect of physical factors on the 
rate of passage of food residues through the aliment- 
ary tract of animals, inert particles of known physical 
characteristics have been used (see, for example, 
refs. 1 and 2). 

We have obtained new evidence on the effect of the 


specific gravity of an inert particle on its rate of 


passage through the alimentary tract of the cow. 
For this purpose rubber particles ranging in specific 
gravity from 1-02 to 1-21 and weighing 15 mgm. were 
used. Particles of each specific gravity and of different 
colours were placed (via a rumen fistula) in the 
reticulo-rumen and abomasum simultaneously and 
then recovered from the feces. Particles from the 
reticulo-rumen gave a measure of the time particles 
were retained in the total gut, and those from the 
abomasum showed the retention in the hind gut; 
the difference between these two values represented 
the time of retention in the reticulo-rumen. 

The time of retention of a particle in the reticulo- 
rumen was inversely proportional to its specific 
gravity, whereas the time of retention in the hind 
gut was directly proportional to the specific gravity 
of the particle. An example is shown in Table 1, 
giving the results of an experiment with four cows 
receiving approximately equal intakes of roughages. 
Mean times of retention for the four cows have been 
calculated by the method of Castle*. 











Table 1 
f ———— 
Mean time of retention (A) of particles in : 
Specific gravity | total alimentary 
of particle tract hind gut | reticulo-rumen 
(a) (b) (a-b) 
1-02 102-2 29-0 73:2 
1-06 81:6 30°5 61:1 
1-12 73-4 37-6 35:8 
1-21 79°5 51:7 278 } 

















NO. 


Kin 


tract | 
xdditi 
retain 
comp! 
lated 
once} 
ind c 
One 
Melbe 
for fix 


Natio 


'Hoeze 
‘King, 
‘Castle 


UR 
oxyg' 
does | 
for e 
sump 
oxyg 
calcu 


tens 
suger 
capil 
oxyg 
tubu 
freel} 
equil 
lary 
Dete 
plati 
of th 

Hi 
anes 
weig 
No 1 
the | 
Avai 
unco 
silve 
anoc 
betw 
elect 
kidn 
heer 
into 
alloy 
with 
into 
then 
the | 
botk 
avai 
arte 
posi 

A 
med 











>. 188 


% of 
seizures 


contro] 
ces the 
epsy to 
iced the 
iVulsive 


in spite 
ficantly 
ver half 
pilepsy. 
oRViT 


Peychiat.. 
le expéri- 
ervit, Z., 
” Nature, 


rough 
/ 


on the 
iiment- 
hysical 
ample, 


of the 
ate of 
> COW. 
pecific 
1. were 
fferent 
n the 
y and 
m the 
rticles 
m the 
gut ; 
ented 


iculo- 
ecific 

hind 
avity 
le |, 
cows 
ages. 
been 


ae 
L: 


men 











November 19, 1960 


King and Moore* suggested that there is an optimum 
pecific gravity of approximately 1-2 for the rate of 
sassage of inert particles through the alimentary 
iract of the cow. Our results are similar, and show in 
dition that the time particles of equal weight are 
retained in the whole tract is a resultant of two 
omplementary components each independently re- 
sted to specific gravity. The relevance of this 
oncept to the differential rates of passage of roughages 
ind concentrate foods is being studied. 

One of us (M. F.) wishes to thank the University of 
felbourne and the Australian Dairy Produce Board 
or financial help. 
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R. C. CAMPLING 


M. FREER 

Yational Institute for Research in Dairying, 
Shinfield, 
Reading. 
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‘King, K. W., and Moore, W. E. C., J. Dairy Sci., 40, 528 (1959). 
Castle, E. J., Brit. J. Nutr., 10, 15 (1956). 


Renal Oxygen Tension 


URINE oxygen tension is regularly lower than the 
oxygen tension of renal venous blood. When urine 
does not contain large amounts of reducing substances, 
for example, ascorbic acid, the urinary oxygen con- 
sumption is very low and cannot account for the low 
oxygen tension of fresh pelvic urine’. It has been 
calculated that only insignificant oxygen tension 
gradient may exist across the tubule wall?. The low 
wine oxygen tension therefore indicates that some 
segment of the tubule system has a lower oxygen 
tension then renal venous blood. Reeves et al.? have 
suggested a low oxygen tension in the peritubular 
capillaries due to ‘plasma skimming’, and that urine 
oxygen tension is determined in the convoluted 
tubules. As the collecting ducts have been shown to be 
freely permeable to water and urea, however, an 
equilibration of the urine oxygen tension with medul- 
lary oxygen tension as well seems highly probable. 
Determination of the availability of oxygen to a 
platinum electrode introduced into the various zones 
of the dog kidney was therefore undertaken. 

Healthy dogs, weighing 15-28 kgm., were 








anesthetized by ‘Nembutal’, 25 mgm./kgm. body- 
weight, and one kidney exposed by a flank incision. 
No water was given on the day of experiment, and 
the dogs were accordingly in the antidiuretic state. 
Available oxygen was determined by a 0-4-mm. thick 
uncovered platinum electrode of 8-mm. length. A 
silver plate coated with silver chloride was used for 
anode. A constant potential of 0-6 V. was applied 
between the cathode and anode‘. The platinum 
electrode was inserted vertically into the exposed 
kidney, generally causing negligible amounts of 
hemorrhage. The electrode was then moved stepwise 
into the renal parenchyma, 2-7 mm. each time, 
allowing time for stabilization at each point. After 
withdrawal of the electrode, indian ink was injected 
into the channel left by the electrode. The kidney was 
then removed and examined for exact localization of 
the electrode positions. Experiments were performed 
both during air and oxygen breathing. The fall-off of 
available oxygen produced by clamping the renal 
artery was examined with the electrode in various 
positions. 

Available oxygen was regularly lower in the renal 
medulla than in the cortex. A stepwise decrease of 
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Fig. 1. Available oxygen in the various zones of the kidney. 


Electrode positions shown in schematic drawing (above). 
i.z., inner zone; 0.2., outer zone 


the electrode current was obtained in most experi- 
ments during stepwise introduction of the electrode 
from cortex to medulla. By pulling out the electrode 
in the same manner, the reverse picture was obtained 
(Fig. 1). Unfortunately no absolute values for oxygen 
tension are provided by the present technique. 
Clamping of the renal artery during oxygen breathing 
caused a very fast initial reduction of cortical avail- 
able oxygen, describing an upward concave curve, 
while medullary available oxygen initially showed 
slow decrease and then fell off very rapidly, giving an 
upward convex curve. The difference is most readily 
explained from the oxyhemoglobin dissociation 
curve by assuming an oxygen tension of the renal 
cortex of at least 80 mm. mercury and a medullary 
oxygen tension less than 60 mm. mercury during 
oxygen breathing. 

The oxygen consumption is probably not higher in 
the medulla than in the cortex. The low medullary 
oxygen tension must therefore result from a relatively 
low medullary blood-fiow, or from perfusion of the 
renal medulla by blood of low hematocrit. A decreas- 
ing oxygen tension towards the papilla might also 
result from counter-current diffusion of oxygen from 
the descending to the ascending limbs of vasa rect 
and the loops of Henle, as proposed by Levy’. 

From the present findings the low urinary oxygen 
tension is readily explained by equilibration between 
the renal medulla and urine passing through the 
collecting ducts. It should be admitted, however, that 
the high oxygen tension of the renal cortex as determ- 
ined polarographically does not necessarily imply a 
high oxygen tension in the peritubular capillaries. 
Blood of high hematocrit passing through hypothe- 
tical shunts in the cortex would presumably influence 
the polarographic reading to the same degree as would 
the cell-poor moiety passing through the peritubular 
capillaries. 

K. AUKLAND 
J. Kroae 


The University Institute for 
Experimental Medical Research, 
Ullevaal Hospital, 
Oslo. 
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Tissue Respiration and Transamination 
in Cold Stress 

In the phylogenetic evolution of thermoregulation, 
under cold stress, liver and kidney tissues of poikilo- 
thermal toads show a marked increase in succinate 
and ascorbate oxidation to 105-150 per cent of that 
at 30° C.; in stenothermal birds, there is an increase 
of only 22-35 per cent, while in the homoiothermal 
rat there is a depression of 21-27 per cent. This 
indicates that in the rat the depression of respiration 
is greater in flavoprotein or preflavoprotein systems 
than in the cytochromes, while in the toad and bird 
the augmentation of respiration by cytochrome 
system is 1-2-1-3 times greater than in the flavo- 
protein or preflavoprotein systems'. An attempt has 
been made in the present work to locate the nature of 
the evolution of oxidative enzymes in the pre- 
flavoprotein systems and also to indicate the nature 
of changes in oxygen consumption with amino-acid 
substrates and transamination in these systems. 


regulation, flavoprotein and cytochrome systems were 
evolved earlier in the poikilotherms and in the 
stenothermal birds and the preflavoprotein systems 
were evolved much later in the homoiotherma] 
mammals. The oxygen consumption with amino. 
ecid substrate under cold stress increases in rat 
tissues and only in the liver of toad and bird, but the 
kidney tissues of the two latter species show a very 
marked depression in oxygen consumption. In cold 
stress, the transamination reaction is, however, 
increased in both liver and kidney of all three species 
examined. Cold stress is known to stimulate the 
secretion of thyroid hormone, and the possible role of 
this hormone on the preferential oxidation of amino. 
acid in the liver in contrast to kidney of toad and 
pigeon or the role of pyridoxine on amino.acid 
oxidation‘ has not been determined in the present 
investigation. These results suggest that although 
transamination reactions have evolved quite early in 
the phylogenetic scale, amino-acid oxidation in the 


Table 1. The Qo,N (oxygen consumption in «l./mgm. nitrogen per hr.) of liver and kidney homogenates of rats, pigeons and toads at 25°C. 
(control) and those exposed to 0° C. for 24 hr. (cold) with Krebs’s cycle oxidation pyruvate substrate (I), with 0-2 M sodium aspartate substrate 
(II) and transamination capacity expressed as «gm. pyruvate formed by decarboxylation of oxaloacetate (ref. 3) after 30-min. reaction per hr. 
per mgm. tissue nitrogen (III). « Value is calculated on the basis of ambient temperature difference of 0-25°C. Average of 16 animals in each 









































group 

— rn Sa inal 
| Kidney 
Subject Change uw value | Control Cold Change pw value 
(per cent) (per cent) 

| / — — / ~———— 

—15-1 | 324 7] 36042-4 | 29-341-7 ~ 18-6 | 180 + 18 

Rat +676 | 268415] 44-7429 | 740425 +65°5 | 259412 
+53-4 | 2214 5| 387843-1 | 5010431 | +292 | 139246 | 
+113 | 58412] 57-7428 | 641423 | +109 | 54210 | 
Toad +797 | 303412] 1174443 | 59-7432 —49-1 | 347414 | 
+ 34:3 | 151+ 7] 510-445-4 | 668-9421 | +311 | 140+ 25) 
+396 | 172413] 823423 | 1179434 | +433 | 186413 | 
| Pigeon +21-7 | 102412] 82-741: | 661423 | -20-1 | 116412 | 
+119 | 58+ 6] 231-°341-7 | 269543-6 +165 | 79+ 6 








Experiments were carried out on albino rats of 
either sex weighing 150-200 gm. and on pigeons and 
toads, thirty-two animals of each species being used. 
These animals were divided into two groups, one 
group being kept at 25° C. (control) and the other at 
0° C. in a refrigerator for 24 hr. (cold). The animals 
were killed, their liver and kidney collected, weighed 
and homogenized in isotonic cold potassium chloride 
solution. 0-4 ml. of 10 per cent homogenate was used 
in two Warburg flasks with pyruvate substrates for 
Krebs cycle oxidation’, and in the other two with 
0-5 ml. of 0-5 M sodium aspartate and 0-2 ml. of 
0-5 M sodium a-ketoglutarate for the study of 
oxygen consumption? and transamination reaction. 
The gas phase was air and the oxygen measurement 
was made for 30 min. after an equilibrium period of 
10 min. and, immediately after, transamination 
reaction was studied quantitatively by oxaloacetate 
measurement after decarboxylation to pyruvate’. 

The results are shown in Table 1. The Krebs cycle 
oxidation system in the rat shows a depression of 
15-19 per cent only at the lower temperature, and the 
depression is definitely in the preflavoprotein system 
rather than in the flavoprotein or in the postflavo- 
protein systems. A very slight augmentation of 11 
per cent in toad and of 40 per cent in bird tissue 
indicates that the augmentation in cold stress lies at 
the flavoprotein and the postflavoprotein systems 
rather than in the prefiavoprotein systems. This 
shows that in the phylogenetic evolution of thermo- 





kidney has evolved only to a small extent in the 
mammals. 

I am grateful to Lieut.-Col. J. M. Lahiri, director 
of veterinary services and animal husbandry, West 
Bengal, and to Dr. K. C. Mukherjee, principal of this 
College, for their interest and advice. 

D. P. Sapuv 
Department of Physiology and Nutrition, 
Bengal Veterinary College, 
Calcutta, 37. 
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Vitamin A Acid and Hypervitaminosis A 


ALTHOUGH vitamin A acid plays no part in the 
visual cycle’, it is active in the systemic functions of 
vitamin A in that it maintains normal growth and 
skin appearance!,?. With Prof. R. A. Morton, we have 
found (unpublished work) that vitamin A acid also 
prevents the rise of ubiquinone concentration in rat 
liver, a characteristic effect of vitamin A deficiency’. 

We have now compared the effectiveness of vitamin 
A acid with that of vitamin A (fed in the form ofa 
high-potency fish oil) in producing hypervitaminosis 
A. Thus, two male rats weighing 95 and 105 gm. were 
fed daily 4 mgm. vitamin A acid (as the sodium salt). 
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growth stopped and bleeding appeared around the 
wes and nose after 4 days. One animal was killed 
iter 10 days when apparently on the point of death ; 
he other was killed in a similar condition after 17 
jays. The bones were very rarefied, and all long 
ones showed fractures. 

Two other male rats weighing 63 gm. were fed 
5,000 1.U. vitamin A (= 7-5 mgm. alcohol) a day in 
the form of a high-potency fish oil (0-5 ml.). They 
sew slowly ; the first fracture and signs of bleeding 
vere noticed after 18 days. One of the animals died 
n the twenty-second day; the other was killed 
shen on the point of death after 28 days. The bones 
howed signs of rarefaction which did not approach 
he severity of the resorption and rarefaction seen in 
the animals fed vitamin A acid. Only one fracture 
sas found in each of the animals. 

Vitamin A acid therefore produced the typical 
igns of hypervitaminosis A * at a much lower dosage 
and in a much shorter time than did vitamin A itself 
as the ester). These findings support the hypo- 
thesis® that vitamin A acid is formed from vitamin A 
ileohol and is closer to the systemically active form 
{the vitamin. We suggest that feeding vitamin A 
acid is more effective in producing hypervitaminosis 
4 because it by-passes the normal control on the 
supply of ‘active vitamin A’ to the tissues. 

We wish to thank Prof. R. A. Morton for his 
advice, and Dr. O. Isler of F. Hoffmann-LaRoche 
and Co., Basle, for supplying the vitamin A acid. 

J. N. THompson 
G. A. J. Prrr 
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HAEMATOLOGY 


8-Globulin Variants in Two Species 
of Monkeys 
Various §-globulin types have been demonstrated, 
using starch-gel electrophoresis, in several species of 
mammals, namely, man!, cattle?, sheep’, goat4 and 








horse. The present communication reports the 
discovery of similar variations in two species of 
monkey, Macaca mulatta and M.irus. Variations in 
the monkey £-globulins were initially detected by 
paper electrophoresis using barbital buffer at pH 8-6. 
However, the £-globulins were much better resolved 
when starch-gel was used instead of paper. 

Serum samples were obtained from 46 rhesus (M. 
mulatta) and 49 cynomologus (M. irus) monkeys. 
Electrophoresis was carried out using the vertical 
starch-gel technique of Smithies*. The starch gels 
were prepared in borate buffer, pH 8-3, with 
hydrolysed starch (Connaught Medical Research 
Laboratories), and the serum samples subjected to 
electrophoresis at 20° C. for 16-18 hr. using a voltage 
gradient of 5-6 V./em. After electrophoresis, the gel 
was sliced horizontally into two halves and stained 
with concentrated naphthalene black for } min. 
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Fig. 1. Representative §-globulin 
starch-gel electrophoresis of monkey sera. 
left to right: 1, ADE’ FG’; 2, A’B’D; 3, 

5, ABC’ D; 6, ABD’E’. 

(Nos. 1—4 mulatta sera, and 5 and 6 irus) 


phenotypes after vertical 
The sera were from 
B’DF; 4, A’ DEF’; 


Seven distinct 8-globulin types were observed. The 
nomenclature used here is a modification of that of 
Ashton’. The £-globulins are designated by the letters 
A to G in order of decreasing mobility, so that A is 
nearest to the albumin and G to the point of origin. 
Three grades of stain intensity were observed. Faintly 
staining zones are denoted by the capital letter 
only ; moderately staining zones by a single prime and 
intensely staining zones by 2 primes. 

Fig. 1 shows representative patterns of the seven 
B-globulin variants A, B, C, D, E, F and G found in 
monkeys. In M. mulatta these are present in different 
combinations and proportions to give thirty-four 
phenotypes. Only fifteen phenotypes have been noted 
in M. irus. The variant of type H’ and 2” is most 
commonly distributed in rhesus monkeys, occurring 
in 74 per cent (Table 1), while it is found in 31 per cent 
of cynomologus monkeys. On the other hand, the 
type D’ and D” £-globulin is present in 33 per cent 
of the rhesus and 96 per cent of the cynomolgus 
monkeys. It is interesting to note that type A occurs 
widely in small concentration in both species. How- 
ever, there is one instance of a phenotype in a rhesus 
monkey where three intensely staining zones can be 
demonstrated, one of which is the variant type A’. 
There is also a significant difference in the distribution 
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Table 1. DISTRIBUTION OF 8-GLOBULIN TYPES IN 
Two SPECIES OF MONKEYS 
M. mulatta M. irus 
A 39 44 
4’ 6 0 
y 4 0 0 
B 14 33 
B 10 Qa 
B” 2 0 
Cc 0 3 
Cc’ 4 6 
cc” 0 0 
D 26 1 
D’ 14 32 
D” 1 15 
E 4 0 
E’ 28 15 
BE’ 6 0 
F 20 1 
F’ 3 1 
Fr” 0 0 
G 1 0 
a’ 1 0 
Gc” 0 0 
Total No. 
of animals 46 49 


of the F types between the two species. The slowest 
B-globulin variant, @ type, is very rare and only two 
rhesus monkeys in the sample possess this, and there 
is no case in the cynomologus monkeys. 

These observations indicate that the two species of 
monkeys differ appreciably in the frequency of the 
B-globulin phenotypes. If the £-globulins are divided 
into two groups, the fast-moving (A + B+(C) and slow- 
moving (D+#+ F+G) types, the difference between 
the two species is highly significant (72(1) = 10-3: 
P = 0-001). 

No attempt has been made so far to study the 
genetic control of the 8-globulin types discovered in 
monkeys. In comparison with the £-globulin variants 
in other species of mammals, however, it seems likely 
that the genetic system controlling the £-globulins in 
monkeys may be fairly complex?:’. 

We are indebted to the Director, Commonwealth 
Serum Laboratories, Melbourne, for providing us with 
the samples of monkey serum and the Research Grants 
Committee of the University of Western Australia for 
financial assistance. 

L. Y. C. Lat 
R. L. Kirk 


Zoology Department, 
The University, 
Nedlands, 
Western Australia. 
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The ‘Serial Thrombin Time’ Method 
for measuring Fibrinogenolytic Activity 
in Plasma 


Amone the techniques described for the measure- 
ment of fibrinogenolytic activity, the elegance of the 
method of Wilhelm, Miles and Mackay' seems to have 
been unnoticed by many workers. 

In this technique, a solution of fibrinogen is 
incubated with the fibrinogenolytic material, and 
from time to time samples are withdrawn and clotted 
with thrombin. As the fibrinogen is digested, its 


concentration in the reaction mixture falls, so that 


NATURE 


November 19, 1960 


VOL. 188 


the thrombin clotting time of the samples becomes 
progressively longer. The rate at which the thrombip, 
times become lengthened depends on the rate of 
digestion of the fibrinogen, and hence on the activity 
of the fibrinogenolysin. It is eonvenient to express 
the thrombin times as ratios of the value at zen 
time; and the results may be summarized by the 
slope of the regression of this ratio against the 
duration of incubation of the reaction mixture, or by 
estimating the time taken to achieve a given ratio, 

The method is attractive because of its simplicity, 
the rapidity with which results are available, ang 
because individual readings of thrombin time may be 
taken at convenient (and irregular) intervals while 
other work is proceeding. Obviously, the more active 
the fibrinogenolysin, the more frequently should they 
be taken ; but the appropriate reading-rate can soon 
be judged as the first few thrombin times are obtained, 

Ingram, Norris and Tanner? pointed out that this 
technique could be readily applied to clinical samples 
of plasma. It is convenient to incubate in parallel] 
samples of citrated plasma (say 2-3 ml.) from the 
patient and a normal control, starting as soon ag 
possible after venepuncture. Immediately the 
experiment is set up, 0-1 ml. from each plasma is 
withdrawn and clotted by the addition of 0-2 ml, 
calcified human thrombin* and the times recorded; 
unless the fibrinogen concentration is already much 
reduced in the patient’s sample (when purified 
fibrinogen should be added to both samples to work 
the test) the ratio between patient’s and control 
plasmas should be near unity. Thrombin times are 
then repeated on both plasmas at intervals of, say, 
5, 10, 20, 30, . . . min. (according to the progress of the 
test), and ratios obtained between the paired readings; 
this eliminates error due to decay of activity in the 
thrombin reagent during the experiment. 

The following experiment was carried out to study 
the relation between the increase in the thrombin 
time ratio and the digestion of fibrinogen in plasma. 
Fibrinolysin was prepared from normal human serum 
by streptokinase‘ and three arbitrary dilutions were 
made. A portion of each was mixed with nine times 
its volume of a sample of normal plasma, and the 
mixture incubated at 37° C. Over a period of 5-6 hr., 
successive thrombin times were obtained, and a 
series of samples were also withdrawn for fibrinogen 
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Fig. 1. Ratio of weight of clot to initial reading plotted against 
ratio of thrombin clotting time to initial reading for three arbitrary 
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estimation by a clot-weight method’. For each 
experiment, the thrombin times and the clot-weights 
were expressed as ratios of their initial values, and 
me ratio plotted against the other for corresponding 
amples. The results of the three experiments are 
plotted in Fig. 1. 

' The graph shows a linear relation between pro- 
portionate loss of weight of clot and proportionate 
increase in thrombin clotting time, at least up to a 
joubling of the thrombin time. Above this level there 
is a suggestion that the thrombin time ratio rises 
more rapidly, perhaps due to the Kowalski effect*, 
which is thought to depend on a fibrinogen derivative 
inhibiting the reaction between thrombin and the 
rmaining undigested fibrinogen ; but on the whole 
the results confirm that, when applied to whole 
plasma, the Wilhelm, Miles and Mackay test provides 
a satisfactory indication of fibrinogenolysis. 
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RADIOBIOLOGY 


Labelling of Inulin with Radioactive 
lodine 


Invuttn is used in physiological experiments on 
renal function and for measuring the volume of 
extracellular water. Inulin consists of some thirty 
fructofuranose units linked through C(1) and C(2), 
corresponding with a molecular weight of about 5,000. 
The dispersion of molecular weight is thought to be 
such that nearly all molecules pass freely through 
capillary walls and the glomerular membrane; 
apparently inulin is not significantly metabolized 
during the experiments. Accurate determinations of 
inulin in biological fluids are required and these are 
usually colorimetric and involve subtraction of a 
‘blank’ value, due to the presence of other carbo- 
hydrates. Radioactive labelling of the inulin could 
greatly facilitate such experiments. Ideally, labelling 
should cause the minimum change in the molecule. 
Carbon-14 could be introduced biosynthetically or 
tritium by exposure to the gas, but iodine-131 is 
more conveniently counted in many laboratories. 
We have experimented with the following reaction 
sequence on primary hydroxy] groups : 


CH, OH - CH, OTs - CH, I* 


| | 
(T's = p-toluenesulphony]l) 


A satisfactory product vas obtained, but the final 
labelling step, consisting »f refluxing the tosyl inulin 
with sodium iodide in diethyl ketone, is neither 
a convenient nor an efficient method of labelling. An 
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alternative procedure is the introduction of an ally] 
ether group followed by addition of iodine at the 
double bond : 


R—OH > R—O—CH,— CH=CH, — 
R— O — CH, — CHI* — CH, I* 
(R = inulin) 


This was done as follows: inulin (5 gm.) in 50 ml. 
water was stirred under a reflux condenser, and allyl 
bromide (0-5 gm.) in 3-5 ml. methyl ethyl ketone 
was slowly added to produce a fine emulsion. The 
temperature was raised to 65—70° C. and 10-4 ml. N 
sodium hydroxide solution was added gradually 
during 30 min. After 6 hr. at this temperature, the 
mixture was cooled and neutralized with acetic acid. 
Electrolytes were removed by ion-exchange using a 
column of ‘Biodeminrolite’ and the solution was dried 
from the frozen state. The solid was extracted with 
hot ethanol, to remove an impurity absorbing ultra- 
violet light at 232 my, yielding allyl inulin (3-5 gm.). 
The intensity of absorption at 210 mu, compared with 
that of allyl ethyl ether, indicated the presence of one 
allyl group per 14 fructose units. In aqueous solution, 
molecular iodine was found to react slowly with the 
double bond ; in an iodine solution, of approximately 
0-0015 N, 100 mgm. allyl inulin combined with 
2-5 mgm. iodine in 1} hr. or 4-5 mgm. in 24 hr., the 
latter corresponding with one molecule of iodine per 
35 fructose units. On oxidation with periodate, the 
allyl inulin was indistinguishable from the original 
inulin, 1-0 mole of periodate being consumed per 
fructose unit in each case. Thus the degree of sub- 
stitution with allyl ether groups is very small. 

The allyl inulin was labelled with iodine-131 using 
the iodine liberated by addition of 1 ml. of 0:05 N 
sulphuric acid to a mixture of potassium iodide (4 
mgm. in 1 ml.), 75 ue. carrier-free and thiosulphate- 
free sodium iodide-131 (1 ml.) and potassium iodate 
(1 mgm. in 0-25 ml.). Allyl inulin solution (102 mgm. 
in 3 ml.) was added and the reaction was allowed to 
proceed at room temperature. After 3} hr. sufficient 
sodium thiosulphate to react with excess iodine was 
added, and cations were exchanged for chloride by 
passage through a column of ‘Amberlite J/RA-400’. 
Some 25 per cent of the original radioactivity had 
combined with the inulin, but in a similar experiment 
this figure was raised to 48 per cent by allowing 24 hr. 
for reaction. Electrophoresis on paper of the labelled 
inulin solution in 0-05 M barbiturate at pH 8-6 and 
4-5 V./em. for an hour separated free iodide ions ; 
these were located by an autoradiograph and counted 
by placing the portion of paper in a well-crystal 
scintillation counter. In preparations of the type 
described, about 2 per cent of the radioactivity of the 
labelled inulin solution was present in the form of free 
iodide ; this percentage could probably be decreased 
by more efficient ion-exchange. Continuing the 
electrophoresis for 20 hr. followed by autoradiography 
showed the labelled inulin displaced towards the 
cathode by endosmotic flow of buffer solution. 
Hydrolysis of the labelled inulin in 0-5 per cent oxalic 
acid at 100°C. for 30 min. followed by electro- 
phoresis of the hydrolysate in borate buffer of pH 10 
on paper showed, on autoradiography, several 
labelled components probably corresponding with 
various substituted fructoses which have not yet been 
identified. Thus there seems no reason for doubting 
that the iodine is firmly attached to the almost 
unaltered inulin molecule. 
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In two preliminary experiments in rabbits, the 
labelled inulin was mixed with the original inulin and 


injected intravenously. 
inulin appearing in the urine was measured. In early 
urine samples, the specific activity was lower and in 
later samples higher, than that of the injected 
material, suggesting that the labelled material was 
being excreted more slowly than the original inulin ; 
the weighted average of the specific activities agreed 
well with the original value. In an experiment of 
this kind, molecular weight distribution is an import- 
ant factor, and it is difficult to ensure that the 
chemical manipulations involved in labelling do not 
alter the molecular weight distribution, either by 
partial hydrolysis or by fractionation, so that the 
labelled inulin differs from the original inulin used 
for comparison. 

In a subsequent experiment, the labelled inulin 
was mixed with the same batch of allyl inulin to 
ensure an identical molecular-weight distribution. 
Glomerular filtration-rate was measured in a 
rabbit for seven successive clearance periods, and the 
same rate was obtained for each period whether 
calculated from colorimetric determinations of inulin 
or from the radioactivity of the plasma and urine 
samples. 

The reactions described can be applied to other 
polysaccharides, and dextran has been labelled in 
this way; labelled dextran fractions of known 
molecular weight distribution might be useful in 
permeability studies. 

S. A. Brooks 

J. W. L. Davies 
I. G. GRABER 

C. R. Ricketts 

Medical Research Council, 
{ndustrial Injuries and Burns Research Unit, 
Birmingham Accident Hospital, 
Bath Row, 
Birmingham, 15. 


Uptake of Radioactive Magnesium in 
Liver Damage 


Branpt et al.' injected isotopic magnesium 
intravenously in the dog and found that kidney, 
heart and liver have a relatively high activity as 
compared with skeletal muscle; Rogers and Mahan? 
found a similar distribution in the rat following 
intraperitoneal administration. 

Magnesium-28 has a half-life of 21-3 hr., emitting 
8- and y-radiation. The specific activity is relatively 
low, nominal activity being about 50 uc. per 100 mgm. 
of carrier. It is supplied as the chloride dissolved in 
hydrochloric acid by Brookhaven National Labora- 
tories. This solution was neutralized to pH 6-5 with 
sodium hydroxide and diluted with water to contain 
0-2 m.equiv./ml. of magnesium. Young male rats 
(120 + 5 gm.) were given 0-5 ml. of the solution 
subcutaneously and killed 2 hr. later by decapitation. 
Whole heart (opened and rinsed with tap water), left 
kidney, skeletal muscle of the left abdominal wall, 
and a portion of the median lobe of the liver were 
taken and weighed. The samples of approximately 


500 mgm. each were counted in a scintillation well. 
The results are reported as fractional activity : 
counts per min. per gram of wet tissue divided by 
the counts per min. of injected dose per gram of 
Thus, if the isotope were evenly 


animal weight. 
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Fig. 1. Fractional activity of liver (LZ), heart (H), kidney (&), 


and skeletal muscle (M) 2 hr. after subcutaneous injection of 

magnesium-28. Eaeh horizontal line represents the mean value 

of tissues taken from 12 animals; the length of the vertical bar 
indicates two standard deviations 


distributed and if none were excreted, the fractional 
activity of all tissues would be 1-0. 

When control rats were killed 2 hr. after sub- 
cutaneous injection of the isotope, kidney and heart 
were found to be relatively active as compared with 
the moderately active liver and the relatively inactive 
muscle (Fig. 1). The activity of serum at this time 
was essentially the same as that of muscle. 

In the course of studying the effect of carrier 
loading on the distribution of magnesium-28, it was 
noted that the liver of one of the animals appeared 
to be abnormal. The activity of a sample of this 
liver was markedly higher than any previously 
obtained. This observation led to the investigation 
of the distribution of magnesium-28 following the 
administration of hepatotoxic doses of carbon tetra- 
chloride, turpentine and ricin. 

Carbon tetrachloride and turpentine. Twelve un- 
anesthetized rats were given 0-25 ml. of carbon 
tetrachloride subcutaneously. A second group of 
12 were anesthetized with ether and given 0-05 ml. 
of turpentine intramuscularly. Twenty-four hr. 
later, 0-5 ml. of magnesium-28 solution was injected 
subcutaneously. The fractional activity of the liver 
2 hr. after giving the isotope was significantly 
increased over control values in each _ instance 
(Fig. 1). 

Ricin, a toxie extract of the castor bean, causes 
widespread tissue damage*. The dose of the pre- 
paration used, 0-1 mgm./kgm. subcutaneously, had 
been found to be lethal in 2-4 days. The 12 animals 
in this series were given the ricin 24 hr. before the 
administration of the isotope. When the animals 
were killed 2 hr. after injecting magnesium-28, the 
heart as well as the liver st »wed gross and micro- 
scopic damage. Whereas t' fractional activity was 
again markedly increased iu liver, the activity of the 
heart was not significantly different from control 

values (Fig. 1). This would suggest that increased 
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uptake of magnesium-28 is not a generalized reaction 
in tissue damage. 

This work was supported by grants A-3372, 
4.2167, H-1889, H-3111 and H-3521 from the 
Vational Institutes of Health. 
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PATHOLOGY 


Urinary Selenium and Dental Caries 


Cadell and Cousins reported recently on the con- 
entration of urinary selenium and prevalence of 
jental caries among two groups of children 5—14 years 
of age in New Zealand!. From Table 1 of their article, 
all but two of the children in both groups had urinary 
selenium-levels in the range of 0-10—0-49 p.p.m. How- 
ever, the mean values of urinary selenium given for 
the first and second group were 0-021 p.p.m. and 
0-030 p.p.m. respectively. Obviously there is an error 
in the presentation of the data. 

It is stated by Cadell and Cousins that: “The 
suggested direct relationship between urinary selenium 
concentrations and the prevalence of dental caries in 
American children is not substantiated by an investi- 
gation in New Zealand”. In view of the data presented 
by them, this statement seems unwarranted and could 
lead to erroneous conclusions. 

None of their subjects in both groups, having the 
same magnitude of dental caries, had values of urinary 
sslenium in excess of 0-050 p.p.m. In our work, 
cited by Cadell and Cousins?:3, more than half the 
children in the areas of high prevalence of caries had 
values of urinary selenium greater than 0-050 p.p.m. 
On the other hand, in the area with low prevalence 
of caries, the great majority of the children had values 








of less than 0-050 p.p.m. Admittedly, the possible 
dangers to health from the cumulative effects of daily 
ingestion of small amounts of selenium have been 
largely unexplored. In one case, however, the 
presence in the urine of a patient of selenium at a level 
of about 0-040 p.p.m. was considered to be suggestive 
of toxic amounts of ingestion‘. 

Apparently, Cadell and Cousins are under the 
impression that a direct relationship could exist be- 
tween prevalence of caries and all levels of urinary 
selenium concentration. Such an assumption does not 
seem correct. It is like claiming that an inverse rela- 
tionship exists between prevalence of caries and any 
amount of fluorides ingested, which, of course, is not 
the case. It is well known that small amounts of 
selenium are protective against dietary necrotic liver 
degeneration in rats and also prevent exudative 
diathesis in chicks5.6, On the other hand, the ingestion 
of excessive amounts of selenium is harmful to 
animals’. If by further work it is shown that selenium 
is connected with caries, there certainly must be a 
threshold value of selenium intake, below which there 
is no influence on susceptibility to caries. Thus it may 
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well be that the ingestion of minute amounts of 
selenium. such as indicated by the mean urinayr 
values shown by Cadell and Cousins, does not exert 
any influence, inhibitory or conducive, on the pre- 
valence of caries. 

The description presented by Cadell and Cousins 
regarding the methods used for assessing caries 
prevalence in their subjects is quite inadequate. Why 
did they combine prevalence of caries in primary and 
in permanent teeth? We have shown that the selenium 
content of primary teeth appears to be higher than 
that of the permanent teeth*. This becomes an 
important point in assessing prevalence of cavies if 
the amount of selenium incorporated into the teeth 
during the period of formation of the crowns influences 
their future susceptibility to caries. 

There is no doubt that further work is necessary for 
a better understanding of the possible relationship 
between selenium and caries. However, New Zealand 
does not appear to be suitable for such investigations 
since, according to Cadell and Cousins, that country 
has widespread areas deficient in selenium and also 
no known seleniferous areas exist there. 


D. M. HapJIMARKOS 


Dental School, 
University of Oregon, 
Portland 1, 
Oregon. 
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Histochemical Demonstration of Some 
Hydrolytic Enzymes in Atheromatous 
Aortas 


In connexion with other investigations made in this 
Department on the pathogenesis of atherosclerosis, 
our attention was directed to the histochemical 
changes in early atheromatous plaques. Barrows and 
Chow! suggested that a disturbance in the relative 
concentrations of enzymes within arterial tissue may 
result from arteriosclerosis. Relatively little is 
known, however, about the localization of enzymes 
in atheromatous aortas. Paterson et al.* demonstrated 
alkaline phosphatase in early atheromatous plaques, 
using Gomori’s calcium-—cobalt technique. They 
assumed that the activity was due to vascularization 
of the intima in early plaques. 

We have made a histochemical study of the 
phosphatases*, esterase (with the naphthol AS 
method‘), and leucyl aminopeptidase’, in athero- 
matous aortas. The samples were obtained fresh at 
autopsy and fixed overnight with cold, neutral 
10 per cent formalin : sections were cut in a cryostat 
at 10u. The test for phosphatase was made at 
different pH’s, and the highest activity was obtained 
at pH 5-8-6-2. This is in good accord with the 
results of Kirk and Praetorius*. This phosphatase 


was found by histochemical methods in atheromatous 
plaques only (Fig. 1) and could not be demonstrated 
in perfectly normal aortas. The activity was most 
intense at the margins of the plaques. 
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Fig. 1. Acid phosphatase activity in an early atheromatous plaque 


Naphthol AS esterase seemed to appear in con- 
nexion with the foam cells and its localization 
corresponded well with the fat droplets visualized by 
lipid stains. The activity was most intense in the 
innermost layer of the intima and in the region of the 
membrana elastica interna. When the whole aorta 
was involved, distinct esterase activity could even be 
seen throughout the media (Fig. 2). 
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Naphthol AS esterase activity in an atheromatous aorta 


Fig. 2. 


In aortas with occasional atheromas, moderate 
leucyl amino-peptidase activity was seen only in the 
earliest plaques, mainly in the thickened intima. In 
severely affected aortas many foci of activity were 
present even in the media. 

It is known that phosphatase and naphthol AS 
esterase are most active in the aortas of those animal 
species which are least susceptible to experimental 
atherosclerosis’,*.. In this connexion the question 
arises whether the appearance of the two enzymes 
represents some defensive mechanism in the arterial 
tissue. Concerning the appearance of leucyl amino- 
peptidase, it is interesting that Monis et al.* suggest 
that its activity is a biological property of pro- 
liferating connective tissue cells, and thus this 


enzyme, too, might be involved in this supposed 
defensive mechanism or repair mechanism’®. 
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A more detailed investigation is in progress, the 
results of which will be published elsewhere. 
E. LEvonen 
J. RAEKALLIO 
U. Uortta 


VOL. 188 


Department of Forensic Medicine, 
University of Helsinki, 
Snellmaninkatu 10, 
Helsinki, Finland. 


* Barrows, C. H., and Chow, B. F., in “The Arterial Wall”, edit, by 
ne A. L, 192 (The Williams and Wilkins Co., Baltimore, 


* Paterson, J. C., Mills, J., and Moffat, T., A.M.A. Arch. Path., 64 
129 (1957). 

* Grogg, E., and Pearse, A. G. E., J. Path. Bact., 64, 627 (1952), 

* Gomori, G., Int. Rev. Cytol., 1, 323 (1952). 

* Nachlas, M. M., Crawford, D. T., and Seligman, A. M., J. Histochey 
and Cytochem., 5, 264 (1957). 

* Kirk, E., and Praetorius, E., Science, 111, 334 (1950). 

* Malinow, M. R., Fernandez, M. A., Gimeno, A. L., and Bur, G, £» 
Nature, 183, 1262 (1959). 

*Zemplényvi, T., Lodja, Z., and Grafnetter, D., Circulation Res., 7, 
286 (1959). 

® Mowiteay” Nachlas, M. M., and Seligman, A. M., Cancer, 12, 6) 


* Raekallio, J., Nature, 188, 234 (1960). 


Tissue Reaction to Polymethy!methacrylate 
in Rats and Guinea Pigs 


In 1890 Fraenkel! reported on the use of celluloid 
for the repair of a bony defect of the skull. Since then 
the increasing availability of plastics with widely 
differing physical properties has resulted in their 
use in many surgical procedures, particularly in 
orthopedic surgery, where the implant is usually 
intended to remain in the patient for an indefinite 
period. So far as I am aware, no tumours have 
occurred in man in association with any of the 
plastics implanted. In animals, the occurrence of 
tumours in relation to an implant of a plastic material 
was first reported by Turner? in 1941. He found that 
fibrosarcomas developed in relation to ‘Bakelite’ 
disks implanted subcutaneously in Wistar rats. 
Since that time, many chemically different plastic 
materials have been shown to produce tumours when 
implanted subcutaneously in disk form in rats, mice* 
and hamsters‘. Originally it was thought that 
chemical agents were responsible for the development 
of these tumours*, but now the form and size of the 
implant are generally considered to be of greater 
significance. 

In this Department the tissue reaction of the rat 
and guinea pig to disks of differing diameters of 
unplasticized polymethylmethacrylate implanted 
intramuscularly has been investigated. The poly- 
methylmethacrylate sheet used was moulded from a 
polymer of methylmethacrylate which was prepared 
by the granular polymerization technique in which 
benzoyl peroxide was used as the initiator. The 
method of preparation was similar to that described 
by Wiley*. 

Disks of three diameters, 18 mm., 12 mm. and 4 
mm., and of a thickness 1-5 + 0-5 mm., were 
implanted in the gluteal muscles of 153 female Chester 
Beatty strain rats and 86 female Hartley strain 
guinea pigs. The age of the rats at the time of 
implantation was three months, and of the guinea 
pigs six months. The animals were fed on a standard 
diet. In each animal the large disk was placed in the 
left, and the medium and small disk in the right, 
gluteal muscle mass. Spacing of the disks was such 
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that there was no difficulty in relating the tumours to 
the individual disks. 

The implantations were completed two years ago. 
No rat survived for more than twenty-six months 

after operation, but forty-five of the guinea pigs are 
still alive. Im the rats, thirty-four tumours have 
oecurred in relation to the large- and sixteen to the 
medium-sized disk (these numbers may be slightly 
increased when the histology is completed). No 
tumours have been noted ir relation to the small 
disk. The minimum latent period for the large disk— 
150 days—was considerably shorter than that for the 
nedium disk—287 days. Jn only five rats were 
tumours associated with both the medium and the 
large disks. 

Microscopic examination ‘of the tumours revealed 
that the majority were fibrosarcomas, but a few 
thabdomyosarcomas and osteosarcomas occurred. 
Tumour deposits, similar in type to those found 
around the disks, were noted in the lungs of 
nine rats and were considered to be metastatic 
deposits. 

Tumours can thus be produced by the implantation 
of unplasticized polymethylmethacrylate in rats, the 
latent period being shortest with the large disk 
(18 mm.) which also gave the highest incidence of 
tumours. The absence of tumours associated with 
the small disks indicates that either there is a 
threshold size for disks for tumour formation, as 
suggested by Nothdurft*, or that the latent period 
for the small disk is greater than the survival-time of 
the rats in this experiment. 

Microscopic examination up to eighteen months 
after implantation has shown no evidence of malig- 
nant changes in the fibrous tissue capsules which 
surrounded the disks in the guinea pigs. Palpation 
of the disks in the guinea pigs which are still alive- 
thirty months after implantation—does not reveal 
any abnormalities. This absence of malignant change 
in the guinea pigs could be due to a species difference, 
a greatly extended latent period, or to the disk 
being below the threshold size required for tumour 
formation in the guinea pig. 

While it is recognized that there is most probably a 
species difference in response to implantation of 
plastic materials, the positive findings in rats suggest 
that there should be a long-term follow-up of patients 
in which the larger types of plastics implants have 
been used. 

A fuller account of this work will be published 
elsewhere. 

I wish to thank Dr. J. T. Scales, of the Department 
of Biomechanics, for his advice and encouragement, 
and Imperial Chemical Industries, Ltd., for technical 
advice. This work is being carried out with the aid of 
grants from the Nuffield Foundation and the Medical 
Research Council. 
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N. E. Stryson 


Department of Biomechanics and Surgical Materials, 
Institute of Orthopaedics (University of London), 
Royal National Orthopaedic Hospital, 
Stanmore. 


* Fraenkel, A., Wein. klin. Wechr., 3, 473 (1890). 

*Turner, F. C., J. Nat. Cancer Inst., 2, 81 (1941). 
*Oppenheimer, B. S., Oppenheimer, E. T., Danishefsky, I., 
4. P., and Elrich, F. R., Cancer Res., 15/5, 333 (1955). 
— E. A., and Handler, A. H., Cancer (Philad.), 10/2, 414 

(1957). 
Wiley R. H., J. Chem. Educ., 25, 204 (1948). 
* Nothdurft, H., “Strahlentherapie”, 100 (1956). 
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BIOLOGY 


A Composite Response of Skin 
Homografts in the Rat 


Work on skin transplantation in rats has revealed 
a hitherto unreported phenomenon of interest to 
students of the fundamental biological reactions 
involved in the destruction of homografts. 

A composite response—part survival, part necrosis, 
part modified necrosis—occurred in 27 of 49 grafts 
exchanged between members of a closely inbred 
colony of Wistar albino rats. This colony was started 
in 1939 from a single pair and it has been kept ‘closed’ 
since 1953. Prior to 1953 occasional additions from 
outside the colony were made. At no time was strict 
attention to the detail of brother-sister mating made. 

Supracarnicular grafts of full-thickness skin mea- 
suring at least 2} cm. X 14 cm. were removed 
from the dorsa of the rats. The animals were operated 
on in pairs, the grafts being exchanged between 
each member of the pair. Dressings consisting of 
‘Cellophane’ and ‘Elastoplast’ were removed and 
first inspections made six days after the trans- 
plantation. Close daily observation of the grafts was 
made and has been continued for periods up to 170 
days. 

The results of the experiment are summarized in 
Table 1. Conventional total survival has occurred in 
three grafts for respective periods of 170, 158 and 148 
days. The typical homograft response of total 
necrosis after 7-11 days of survival was seen in 15 
cases, two showed a delayed necrotic process lasting 
twenty days and in two a prolonged destruction was 
not complete until the thirtieth day. There was no 
deviation from the conventional picture of total 
necrosis in forty-three control grafts, which were 
composed of two groups. In one group grafts were 
exchanged between members of a heterogeneous 
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A large inbred strain homograft at the fourteenth day. 
A composite response with a geographical line of demarcation 


Fig. 1. 
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Table 1 
| - - a es 
Fate of graft Conventional response Composite response 
—_—__—_—_ aaa HARE" oe | ‘] ae | Total No, 
| } Survival Survival and All modified Modified - of grafts 
Type of grafts Total survival Total necrosis | and necrosis modified necrosis | necrosis | and necrosis | 
Inbred strain 3 | 19 11 7 6 | 3 49 
Outbred strain 0 12 0 0 0 | 0 12 
Inter-strain 0 | 31 0 | 31 


completely outbred population, in the other group 
interstrain grafts were done, each pair consisting of 
one rat from the inbred strain and one rat from the 
outbred strain. 

The interesting feature of a graft showing a 
composite response was that a circumscribed area of 
the graft, after surviving for 7-8 days, progressed 
through the whole gamut of the destruction of 
incompatible skin alongside and abruptly demarcated 
from another part of the graft which showed no 
pathological sign; the typical appearance of a 
composite response at 14 days is shown in Fig. 1 ; 
this graft was a 100 per cent ‘take’ at the six-day 
inspection with no remarkable characters. The 
surviving portion produced a good growth of hair, as 
Fig. 2 demonstrates. 

An area of modified necrosis occurred in some 
cases with an area of unqualified survival, in others 
beside a part undergoing complete necrosis, and yet 
another group was observed in which the modified 
process affected the whole graft. At the usual time of 
homograft destruction such areas exhibited swelling, 
exudate and petechial hemorrhages which developed 
into scattered points of necrosis ; the part survived, 
but was more indurated than a conventionally 
surviving part and hair growth was often more 
sparse and usually 7-10 days later in appearing 
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Fig. 2. The same graft as in Fig. 1 at the forty-second day. 
The graft was rotated through 180° and the surviving part has 
a good pelt of reversed hairs; it has continued to survive for 


86 days. The rejected part on the right half of the graft has 
contracted a little and shows some residual crusting 





Assessment of the survival of a homograft or part 
thereof was based on the gbservance of an unquestion. 
able growth of hair with an unorthodox orientation, 
each graft having been rotated through 90° or 189° 
around a central vertical axis during transference 
from the donor to the recipient bed. 

An explanation of these observations cannot be 
offered from the limited scope of the experiments 
reported at this stage, nor can it be obtained from the 
hypothesis of actively acquired immunity on which 
the structure of many arguments concerning the 
mechanisms of the reactions to homologous tissue 
seen in all animals above the lowest metazoan 
species have been based. However, further work on 
replantation experiments and on more closely inbred 
strains may indicate the specific factors involved. 

I am indebted to Mr. W. J. Dempster for much 
helpful advice during the course of this work. 


JOHN ANDERSON 


Department of Experimental Surgery, 
Postgraduate Medical School of London, 
London, W.12. 


Occurrence of Bivalve Gastropods along 
the Coast-line of New South Wales 


Since the descriptions of the animals and shells of 
two species of Australian bivalve gastropods, Berthe- 
linia typica (Gatliff and Gabriel) and Midorigai 
australis Burn, were published earlier this year’, I 
have had the opportunity to examine most of the 
beach drift material of these species in the collections 
of Mr. C. J. Gabriel, Melbourne, the National Museum 
of Victoria, Melbourne, and the Australian Museum, 
Sydney. This material revealed that both the species 
mentioned are to be found along the coast-line 
of New South Wales, and they are here recorded for 
the first time from that area. 

(a) Berthelinia typica (Gatliff and Gabriel), one 
specimen (left valve only), No. C.63121 in the 
Australian Museum collection, collected in Gunna- 
matta Bay, Port Hacking, N.S.W., by J. Laseron. 
This valve is typical of small B. typica valves in that it 
is not as sharply pointed posteriorly as my figures 
indicate (ref. 1, Figs. 1-2). 

(b) Midorigai australis Burn, one specimen (left 
valve only), No. C.63120 in the Australian Museum 
collection, collected at Fairlight, North Harbour, 
Sydney Harbour, N.S.W., by M. Burrows and J. 
Laseron. This minute valve, 0-8 mm. long and 0:5 
mm. high, is very similar to small specimens in the 
paratype series, although the upper anterior margin is 
not so high, nor is the upper posterior margin 80 
angled. The protoconch is typically discoidal, and 
this distinguishes the valve from Berthelinia, where 
the protoconch is described as helicoidal. 

Both these species belong to the molluscan order 
Sacoglossa, family Bertheliniidae. 
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Careful searching of the green alga Caulerpa at 
various localities in New South Wales during the 
1960/61 summer period will, I hope, reveal the living 
mimals of both species, possibly along with other 
acoglossans which feed on the same food. 


No. 4751 


ROBERT BuRN 


34 Autumn Street, 
Jeelong West, 
Victoria. 

‘Nature, 187, 44 (1960). 


Northern Limits of Elminius modestus 
in Britain 

RECENTLY, Powell! reported the occurrence of two 
pecimens of the immigrant barnacle Elminius 
nodestus at Keppel Point, Isle of Cumbrae, where the 
species Was reported some four years previously by 
Connell?. This is only the second record of the species 
north of Loch Ryan, though it has been present in 
the Loch and farther south for some time*. Its 
presence in very small numbers at scattered points on 
the south-west coast of Scotland is to be expected, 
since it has now colonized shores on all sides of the 
Irish Sea and has been found beyond the North 
Channel in Loch Foyle‘. 

In March 1960 Elminius was found sparsely 
wattered over a wide area in the Gare Loch, Dum- 
bartonshire, north of the Clyde, though no specimens 
were found in the Clyde estuary itself, nor in the 
neighbouring Lochs Long and Fyne, nor farther north 
in Loch Linnhe. It may be significant that there is a 
naval dockyard in the Gare Loch and shipbreaking 
yards, as in Loch Ryan. The individuals found in the 
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Gare Loch were mostly small ones which had evidently 
settled late in 1959, and, though they were seldom 
seen sufficiently close together to be able to breed, 
were nevertheless found in numbers at all the piers, 
jetties and breakwaters which were examined (Fig. 1), 
the greatest densities occurring towards the head of 
the Loch. Hydrographic conditions in such a deep 
and long body of water would be ideal for retaining 
larve liberated by introduced barnacles. 

On the east coast, the Humber has marked the 
limit of Elminius modestus for some years*. However, 
in March 1960 considerable numbers were found to 
have settled between the Tees and the Humber. On 
the piers at Saltburn the density reached 20 indi- 
viduals per square metre. Smaller numbers were 
found at Scarborough and Bridlington. 

The northward spread of the species, both on the 
west and the east coast, following a period of some 
five years in which the species had shown little 
advance, is probably to be ascribed to an increase 
in the fecundity of the species caused by the ex- 
ceptionally warm and prolonged summer of 1959. 

D. J. Crisp 
Marine Biology Station, 
University College of North Wales, 
Menai Bridge, Anglesey. 
‘ Powell, H. T., Nature, 185, 119 (1960). 
* Connell, J. H., Nature, 175, 954 (1955). 
* Crisp, D. J., J. Mar. Biol, Assoc. U.K., 87, 483 (1958). 


‘Crisp, D. J., and Southward, A. J., J. Mar. Biol. Assoc, U.K., 38, 
429 (1959). 


Fruit-Setting of Apples using Gibberellic 
Acid 


ATTEMPTS in the past to produce parthenocarpic 
development of pome fruits with growth substances 
have had only very limited success',?. Because of a 
greater natural tendency towards parthenocarpy, 
experiments with pears have been much more 
successful than with apples. Luckwill*’, however, 
recently reported that gibberellic acid sprays caused 
the initial development of seedless fruitlets on several 
apple varieties, although with only one, Miller’s 
Seedling, did treated parthenocarpic fruits reach 
maturity. In experiments at this Division during the 
1959-60 season, gibberellic acid, applied as a 1 per 
cent lanolin paste, has produced mature seedless 
fruits on four apple varieties—Sturmer, Cox’s 
Orange and two cider varieties, Strawberry Norman 
and Red Jersey. 

Before treatment, petals, stamens and style of 
flowers on small branches were removed at the pink 
stage with a sharp blade. Except with Red Jersey 
at least 80 flowers per treatment were used. Paste 
was then smeared on the cut surface and around the 
inside of each receptacle. On Sturmer, additions of 
2,4-dichlorophenoxyacetic acid (0-125 per cent) 
alone or together with kinetin (0-025 per cent) to the 
gibberellic acid did not appear to enhance the effect 
of the latter. A single spray of 400 p.p.m. gibberellic 
acid was as effective as the grease treatment on 
Strawberry Norman, the only variety on which this 
method of application was tried. 

Subsequent swelling of treated receptacles was 
rapid and comparable with that of normal seeded 
fruits. At an early stage the majority of treated 
flowers appeared to have set. However, many of these 
fruitlets developed only partially and a heavy drop 
occurred 5-7 weeks after treatment. The remaining 
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fruits on three of the varieties, Sturmer, Red Jersey 
and Strawberry Norman (some 8, 40 and 28 per cent 
respectively of treated flowers), continued growth and 
attained a final size at harvest only slightly smaller 
than the average size of normal seeded fruits from 
the experimental trees. Treated fruits maturing on 
Cox’s Orange (12 per cent of flowers treated) were 
only half the size of seeded fruits. With normal 
pollination, fruit was harvested from 10-15 per cent 
of flowers on the above varieties. No fruit set on 
control flowers of any of the varieties on which the 
petals, stamens, and style had been removed simi- 
larly. 

In colour development, time of ripening and 
general quality, parthenocarpic fruits produced by 
the gibberellic acid treatments were similar to normal 
fruits. Treated fruits of Red Jersey were noticeably 
more elongated than normal fruits ; but this tendency 
was only slightly apparent on other varieties. A 
proportion of the treated fruits of all varieties 
developed some unevenness, being lopsided or other- 
wise asymmetric. A characteristic puckering around 
the calyx occurred particularly on Red Jersey and 
Strawberry Norman. The gross morphology of the 
seedless fruits was similar to that of normal fruits. 
In the absence of seed development, walls of the 
carpel chambers were sometimes pressed closely 
together. Undeveloped ovules remained as small 
brown rudiments no more than 1 mm. long. Treated 
branches developed flower buds normally during the 
season. 

Although gibberellic acid failed to show any effect 
during in vitro studies of the growth requirements of 
apple tissue‘, the present results suggest that in 
normal development of apple fruits the naturally 
occurring gibberellins may perform a specific role. 
It is of interest that a similar positive effect of 
gibberellic acid on fruit set of Rosa has been recorded 
recently’. Success of the direct applications of gib- 
berellic acid suggests that such treatments might 
have considerable practical value in overcoming 
fertilization problems in apple crops. 


R. M. Davison 


Fruit Research Division, 
Department of Scientific and Industrial Research, 
Auckland, 

New Zealand. 


* Osborne, D. J., and Wain, R. L., J. Hort. Sci., 26 (4), 317 (1951). 
* Gorter, C. J., and Visser, T., J. Hort. Sci., 33 (4), 217 (1958). 

> Luckwill, L. C., The Grower, 52 (9), 451 (1959). 

* Letham, D. 8., Nature, 182, 473 (1958). 

* Prosser, M. V., and Jackson, G@,. A. D., Nature, 184, 108 (1959). 


Direct Transmission of a Growth- 
promoting Substance from Strawberry 
to Pea 


RecENT papers by Guttridge'*? have provided 
evidence that photo-periodically controlled growth 
responses in the strawberry may be regulated by a 
hormone, produced in long days, which promotes 
vegetative growth and inhibits flower initiation ; and 
that gibberellic acid may simulate the action of this 
hormone in plants growing under short-day con- 
ditions*. Brian and Hemming‘ found that plants of 


Pisum sativum var. Meteor will respond by increased 
length of internode to as little as 0-01 ugm. of 
gibberellic acid. 
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Fig. 1. Effect of grafting Pisum sativum var. Meteor on to petioles 


of strawberries previously treated with gibberellic acid. Control a 
peas retained in pots; control } peas treated for grafting 


In view of the small quantity of gibberellic acid 
required to give a measurable response in the pea, 
an attempt was made to obtain direct transfer of the 
growth-promoting hormone from the strawberry to 
Meteor pea plants by making a tongue approach 
graft between the blanched epicotyl of a pea and a 
strawberry petiole. After grafting, the roots of the 
pea plant were placed in a 3 in. x 1 in. sample tube 
containing Long Ashton mineral nutrient solution’. 
Controls were set up in the same way with their 
epicotyls cut as for grafting. No graft union was 
ever formed, and after the sixth internode had 
expanded the peas were harvested and the length 
of each internode was recorded. 

Fig. 1 shows the mean length attained by successive 
internodes of Meteor peas grafted on to plants of the 
strawberry variety Climax, which had been sprayed 
seven days previously with a solution containing 100, 
50 or 25 p.p.m. of gibberellic acid. Fifteen plants were 
used for each treatment and one pea plant was 
grafted to each. Also shown is the response of peas 
grafted on to untreated strawberry plants. Two 
control series of peas were used ; in one, the plants 
were removed from the pots and treated as for 
grafting; in the other, they were left to grow 
undisturbed in their pots. 

The internodes of all grafted peas were longer than 
either the ungrafted controls or the controls which 
were grown on in their pots. Pretreatment of the 
strawberry plants with high (50 or 100 p.p.m.) levels 
of gibberellic acid resulted in additional elongation of 
the internodes of peas grafted to them. 
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Brian and Hemming have shown that applications 
f gibberellic acid have less effect on tall than on 
iwarf varieties of peas‘. To determine whether peas 
responded to grafting in a similar way, 15 plants of 
iach of six different varieties of peas were grafted on 
‘o large plants of the strawberry variety Redgauntlet 
owing in the glasshouse. To confirm the response 
ff these pea varieties to gibberellic acid, 10 plants of 
ach, growing in pots, were either left untreated or 
reated with gibberellic acid at 0-02 ugm./plant or 
)-32 ugm./plant. 






RESPONSE OF DIFFERENT VARIETIES OF Pisum sativum TO 
GIBBERELLIC ACID: AND TO GRAFTING ON TO 
PETIOLES OF STRAWBERRY 


Table 1. 
\PPLICATIONS OF 


| Percentage increase on respective 


controls : 
Variety Growth habit |——————— |__|" 
| Gibberellic | Gibberellic 
Grafted acid at acid at 

0-02 wgm. 0°32 wgm. 

Meteor Dwarf | 157 155 210 
Progress No. 9 Dwarf |} 149 147 188 } 

Little Marvel Dwarf 127 140 185 
Greenland Intermediate 137 120 156 
Gladstone Tall 122 | «(116 105 
Thomas Laxton Tall 124 123 115 


Table 1 gives the lengths of the first internode to 
elongate after treatment, expressed as a percentage 
of the length of the corresponding internode in the 
control series of each treatment. 

The response to grafting of each variety of pea 
used, with the possible exception of Little Marvel, 
was similar to its response to an application of 
)-02 pgm. gibberellic acid. 

The strawberry is a plant in which gibberellic acid 
can serve as a substitute for the dormancy-breaking 
effect of winter chilling. After chilling, plants grow 
very strongly when brought into conditions favour- 
ible for growth, in contrast to unchilled plants in 
which the petioles remain short and _ prostrate. 
Fig. 2 shows the mean lengths attained by successive 


to 
—— 





ution‘, 
1 their 
m was 
e had 


length 


eSsive 
of the 
prayed 
gz 100, 
s were 
bt was 
f peas 

Two 
plants 
1s for 
grow 


’ than 
which 
f the 
levels 
ion of 








20 F 





Mean length of internodes (mm.) 


uo 








0 1 2 3 4 5 
Internode No. 


Fig. 2. Effect of grafting Pisum sativum var. Meteor into petioles 
of strawberries growing in the glasshouse. . Following winter 
chilling ; —-—-, without previous chilling 
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internodes of peas, variety Meteor, grafted on to the 
petioles of chilled and unchilled plants of the straw- 
berry Redgauntlet, growing in a glasshouse. Each 
set is the mean of ten plants, each of which was 
grafted to a different strawberry plant. 

Grafting peas to chilled strawberry plants resulted 
in a greater response in internode-length than did 
grafting to unchilled strawberries. 

The experiments show: that Meteor peas respond 
by increased internode-length when grafted on to 
petioles of strawberry leaves; that the response is 
increased when the strawberries have been previously 
treated with gibberellic acid ; that the responses of 
different varieties of peas to grafting are similar to 
their responses to treatment with gibberellic acid ; 
and that chilled strawberry plants, in which there 
may be endogenous gibberellins, promote a greater 
response than do unchilled plants in which endogenous 
gibberellins may be low. 

Further work is now in progress with the intention 
of publishing a fuller account of the technique. It is 
hoped that the method may provide a rapid quantita- 
tive technique for the estimation of gibberellic acid- 
like substances in plants without the necessity 
either to make an extract or to destroy any part of 
the plant sampled. 

P. A. THOMPSON 


Scottish Horticultural Research Institute, 
Mylnefield, Invergowrie, 
Dundee. 
’ Guttridge, C. G., Ann. Bot., N.S., 28, 351 (1959). 
* Guttridge, C. G., Ann, Bot. N.S., 23, 612 (1958). 
* Thompson, P. A., and Guttridge, C. G., Nature, 184, B.A. 72 (1959). 
* Brian, P. W., and Hemming, H. G., Physiol. Plant., 8, 669 (1955). 


* Hewitt, E. J., ‘Sand and Water Culture Methods used in the Study 
of Plant Nutrition”, 189 (Commonwealth Agricultural Bureaux, 
1952). 


Intra-ovarian Pollination in Papaver 
rhoeas L. 


In many crosses plant-breeders are confronted with 
one or more of the following problems : (1) the pollen 
grains may fail to germinate on a foreign stigma ; 
(2) if they germinate, the pollen tubes may remain 
short and burst during their passage ; (3) even if the 
tubes grow successfully, their progress may be so 
slow that the ovary becomes abscissed before they 
reach the ovules. 

Grafting the style on the ovary, shortening it to a 
suitable length, and removing the middle portion and 
joining the upper and lower parts of the style together 
have been tried from time to time to overcome some 
of these barriers. 

Intra-ovarian pollination is yet another device. 
Dahlgren! was able to bring about fertilization in the 
ovules of Codonopsis ovata by this method. The 
experiments of Cappelletti? on Digitalis purpurea, and 
of Bosio® on Helleborus foetidus, H. viridis, Paeonia 
anomala, P. officinale and P. peregrina also indicated 
the possibilities of this technique. In Paeonia, 
Bosio obtained viable seeds. This communication 
describes the results of some intra-ovarian pollina- 
tions conducted on plants of Papaver rhoeas. 

The following steps are involved: (1) determina- 
tion of the time of anthesis, dehiscence of anthers and 
of pollination; (2) emasculation and bagging of 
flower buds; (3) collection of pollen grains; (4) 
determination of the conditions and medium for 
optimum germination of pollen; (5) injection of a 
suspension of pollen grains into the ovary. 
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The petals and 
stamens have been removed to show the hole made by the 


Fig. 1. Ovary injected with pollen suspension. 


needle. (x 3/5) 


Figs. 2 and 3. Ovaries six and nine days after injection. ( x 3/5) 


Fig. 4. Nine-day-old ovary cut vertically to show maturing 
3/5 


seeds. (¢. x 3/5) 


The pollen suspension was prepared in 2 c.c. of 


sterile, double-distilled water with 0-01 per cent boric 
acid, each drop containing nearly 100 pollen grains. 
An all-glass ‘Insuline’ syringe (capacity 1 c.c., 
graduated to 40 units) was used. Before injection 
the surface of the ovary was wiped with cotton soaked 
in rectified spirit. A hole was made on one side of the 
ovary to allow the air to escape, and another on the 
opposite side through which the pollen suspension 
was injected until the ovarian cavity was filled with 
it. The cavity was considered full when the fluid 
started oozing out from the first prick. Care was taken 
to shake the syringe before each injection, so that the 
pollen grains were uniformly distributed. After the 
operation the holes were sealed with petroleum 
jelly. 

When the calyx, corolla and androecium were all 
removed the ovaries became pale yellow ; if only the 
stamens were excised leaving the petals and sepals 
intact, the development was better, and hence this 
procedure was always followed after the first few 
trials, 

The growth of ovaries injected with a pollen suspen- 
sion in sterile double-distilled water matched fairly 
well with naturally pollinated ovaries. Concomitant 
with the growth of the ovary, the ovules also devel- 
oped and the embryos grew faster than in Nature. 
The cotyledons differentiated within fourteen days 
after anthesis ; by the third week the plumule and 
root tip were well differentiated ; and month-old 
seeds had fully developed embryos. 


The experimentally obtained 
seeds were viable and behaved 
just like those obtained from 


naturally pollinated ovaries. When 
soaked in tap water for 24 hr. and 
cultured on modified White's 
medium there was 100 per cent 
germination, and healthy seedlings 
were obtained. Counts from the 
squashed root tips of seedlings from 
both sets showed 24 chromosomes. 

The injected ovaries showed a 
40-70 per cent seed set (Figs. 1-4). 
Seeds also matured in ovaries in- 
jected with an aqueous suspension 
of pollen without boric acid, but 
were fewer in number. 

The technique of intra-ovarian 
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I am grateful to Prof. P. Maheshwari for guidance 
and encouragement. Thanks are also due to Drs, § 
Narayanaswami and N. S. Ranga Swamy for their 
help and valuable suggestions. 
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Kusum Kanta 
Department of Botany, 
University of Delhi. 
: “ 7 , 
my An Introduction to the Embryology of Angio. 
* Cappelletti, C., Nuovo Gior. Bot. Ital., N.S., 44, 613 (1937), 
* Bosio, M. G., Nuovo Gior. Bot. Ital., 47, 591 (1940). 


MICROBIOLOGY 


Misinterpretation of an Agar-Gel 
Precipitation Pattern 


THERE are certain recognized pitfalls in the reading 
of precipitation patterns in agar-gel immunodiffusion 
plates'-*. Occasionally, a new pitfall is inadvertently 
introduced by the design of well-pattern employed 
in a particular plate. Such is the case in the plate 
depicted in Fig. 2 of the communication in Nature of 
Pepys et al.‘. 

I reproduce herewith (Fig. 1) the relevant part of 
the well-pattern employed by Pepys e¢ al., using their 
numerical notation. In their original paper the two 
large wells each received the same serum. In well | 
had been placed Trichophyton rubrum cell-sap ; in 
well 3, Aspergillus fumigatus cell-sap. 

A two-armed band of precipitate, produced by this 
antigen—antiserum placement, ran continuously be- 
tween the two antigen wells on one side and the two 
antiserum wells on the other. One arm extended 
beyond well 3, the other terminated opposite well 1. 
The authors assumed that each arm had arisen as an 
independent band, arms | and 3 afterwards fusing in 
the so-called “reaction of identity’’. From this they 
concluded that 7’. rubrum and A. fumigatus “‘possess 
common antigenic determinants’’. 

What they had failed to take into account was the 
possibility of antigen from well 3 reacting with anti- 
body from the far antiserum well, as well as from the 
near, thus being the sole antigen responsible for the 
entire precipitation band. This seemed to me the 
more likely explanation, especially in view of the 
manner in which arm 1 terminated on a level with 
and failed to extend beyond well 1. 


. . . yi ‘ig. 2 
pollination may prove useful in _ ~~. 
overcoming incompatibility be- Fig. 1. Large wells: rabbit anti-ovalbumin serum; well 3: ovalbumin 1 : 1,000; 
tween two plant parents. Further wanes aes 
Fig. 2. Large wells: rabbit anti-ovalbumin serum; well 3: ovalbumin 1 : 1,000: 


work is in progress. 


well 1: ovalbumin 1 : 100,000 
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To test this view, a plate was set up in which a 
rebbit antiserum to ovalbumin was placed in both 
large wells and an ovalbumin solution placed in 
well 3, while well 1 received only saline. The pre- 
cipitation band produced (Fig. 1) was identical with 
that of Pepys e¢ al. 

To determine the effect of fractional concentrations 
of antigen in well 1 on arm 1 of the band, plates were 
set up in which well 1 received tenfold and hundred- 
fold dilutions of the ovalbumin solution in well 3. 
Fig. 2 shows the perceptible deflexion and extension 
even a hundredfold weaker antigen produces on the 
free end of arm 1 of the band. From this it appears to 
me that, in the original plate of Pepys et al.‘, the 7’. 
rubrum cell-sap could not have contained as much as 
| per cent of an antigen immunologically related to 
the antigen in the A. fumigatus cell-sap responsible 
for the precipitation band. The photographs are by 
Douglas F. Lawson from plates by Anne Temple. 

J. G. FEINBERG 

Bencard Allergy Research Unit, 

Beecham Research Laboratories, Ltd., 
Betchworth, Surrey. 
‘Feinberg, J. G., Int. Arch. Allergy, 11, 129 (1957). 
*Feinberg, J. G., Biochem. J., 66, 1P (1957). 
‘Feinberg, J. G., and Grayson, Hazel, Int. Arch. Allergy, 16, 1 (1960). 
at Riddell, R. W., and Clayton, Y. M., Nature, 184, 1328 

As pointed out by Dr. J. G. Feinberg, the pattern 
of wells in the agar-gel plate (Fig. 2) of our com- 
munication in Nature of October 24, 1959 ', lends itself 
to misinterpretation. However, the presence of 
common antigenic determinants in extracts of 7’. 
rubrum and A. fumigatus, which figure in the plate, 
was demonstrated by inhibition tests. These, 
together with all the other tests in our communication, 
were performed on conventional agar-gel patterns 
(Fig. 1, ref. 1). Nine sera were tested for their capacity 
te precipitate against these two fungal extracts, 
after the addition of each of them to the serum. The 
addition of A. fumigatus extract resulted on one 
hand in complete inhibition of its own precipitation 
lines with six and partial inhibition with the remaining 
three sera, and on the other hand in complete 
inhibition of the 7’. rubrum extract precipitation lines 
with seven and partial inhibition with a further one 
serum. The addition of 7’. rubrum extract resulted in 
complete inhibition of the precipitation lines of the 
A. fumigatus extract with six sera, and of its own 
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precipitation lines with all nine sera. 

The problem of related antigenic determinants in 
extracts which may not produce identical patterns, 
or may not in some cases produce any precipitation at 
all, but may nevertheless effectively inhibit the 
precipitation lines of extracts from sources of known 
or as yet unknown relationship, has been encountered 
by us in work on mycobacterial extracts? and on 
the Aspergillus genus*. It seems reasonable to assume 
some antigenic relationship from these findings, 
whether or not reactions of identity are produced by 
these extracts in agar-gel tests with appropriate 
patterns. J. Pepys 

R. W. RippELL 
Y. M. Ciayton 
Institute of Diseases of the Chest, 

Brompton, London, S.W.3. 

‘Poors. 3 Riddell, R. W., and Clayton, Y. M., Nature, 184, 1328 
*Pepys, J., Augustin, R., and Paterson, A. B., Tubercle, Lond., 40> 
163 (1959). 


* Pepys, J., Riddell, R. W., Citron, K. M., Short, E. I., and Clayton, 
Y. M., Amer. Rev. Respir. Dis., 80, 167 (1959). 
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Bi-nucleate and Tri-nucleate Conidia 
in Colletotrichum gossypii South 


An isolate of Colletotrichum gossypii which was 
kindly sent from Arkansas by Dr. N. D. Fulton 
(his No. 6110) produces spores in culture showing 
great variability in size and shape. This state of 
affairs has been well known in the genus since the 
early reports of Alwood' and Burger®. 

Cytological work using an acid giemsa technique 
has shown that in this isolate, under conditions of 
culture in vitro, the variable size of the conidia is 
apparently associated with a variable number of 
nuclei per conidium. This is normally one, but may 
be two or three or rarely up to five per spore. The 
conidia are abstricted terminally on conidiophores, 
which in this case are no more than mycelial branches 
of specialized function, and in slide-culture pre- 
parations remain in clusters around the parent 
conidiophore. Often, but not always, pleurinucleate 
spores occur together in these clusters. 

No evidence has been found for the migration of 
more than a single nucleus into the conidium before 
abstriction. What appears to happen is that, after 
abstriction, the spore may continue to grow to a 
limited extent, and that in this case the increase in 
cytoplasmic volume is accompanied by nuclear 
division. In some cases the bulbous distal end of the 
larger spores suggests that a setback bas been 
followed by a fresh burst of growth*. The cultures 
were examined after four days growth at 25°C. in 
the dark. None of the spores was apparently germ- 
inating, and the pleurinucleate condition is thought 
to arise in the development of the spores before 
hardening of the wall, rather than being associated 
with spore germination. 

The fungus was handled before fixation as a Duncan 
slide culture or by Dade’s method‘. The agar was 
removed and the fungus fixed and stained in situ on 
the cover-glass on to which it had grown. Fixation 
was in Newcomer’s fixative’ over-night. After 
passing through 70, 50 and 30 per cent alcohol the 





Conidia of Colletotrichum gossypii South on mycelium 
growing on glass from glucose yeast agar, stained acid-giemsa. 


Fig. 1. 


Ph:etomicrograph using a x 45, 3°75 mm., N.A. 0°95 ob- 


jective 
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preparation was transferred to 1 per cent sodium 
chloride av 60° C. for 90 min., as suggested by Robinow 


(personal communication) following Ganesan and 
Swaminathan*, to remove the cytoplasmic ribo- 
nucleic acid. After hydrolysis for 10 min. in N 


hydrochloric acid at 60°, the material was thoroughly 
rinsed in Serensen phosphate buffer at pH 6-5. 
The preparations were stained in Gurr’s R66 im- 
proved giemsa stain at one drop per ml. dilution 
in the same buffer. No differentiation was necessary 
and the material was examined as a wet mount in 
buffer. 

The nuclei are very clearly differentiated by this 
method and are surprisingly large, being approxi- 
mately 2u in diameter. The large size of nuclei, as 
seen by giemsa staining, may be due in part to the 
staining of protein precipitated around the nucleus, 
for giemsa contains eosin and cannot be expected 
to be specific for deoxyribonucleic acid (personal 
communication from Edward Gurr). Staining and 
mounting in aceto-orcein in identical material 
handled in the same way until after acid hydrolysis 
(a modification of Singleton’s method’) shows smaller 
nuclei at the same loci as those seen in the giemsa 


method. Observation of living material with 
the phase-contrast microscope shows at distinct 
loci the nuclei and the guttule, which in this 


fungus are seen in lacto-phenol cotton blue pre- 
parations. 

The observation reported here is contrary to 
Messiaen’s* suggestion that uni-nucleate conidia are a 
constant characteristic of the genera Colletotrichum 
and Gloeosporium. It is suggested that spore size is 
only rather weakly determined genetically, and may 
depend on the vigour of growth of the mycelium. 
The frequently observed production of ‘mutants’ 
with small conidia may be the result of nutritional 
maladjustment. Abstriction and cessation of spore 
growth are not necessarily fully co-ordinated in this 
isolate. 


Cotrn LEAKEY* 


Department of Botany, 
Hatherly Biological Laboratories, 
University of Exeter. 


* Holder of an Overseas Civil Service™studentship. 
* Alwood, W. M. B., Bull. Va. Agric. Exp. Sta., 40, 59 (1894). 
* Burger, O. F., J. Agric. Res., 20, 273 (1921). 
* Robertson, N. F., J. Linn. Soc., 56, 366, 207 (1959). 
* Dade, H. A., Commonwealth Phytopathological News, 6 (2), 17 (1960) . 
* Newcomer, E. H., Science, 118, 161 (1953). 
* Ganesan, A. T., and Swaminathan, M. S., Stain Tech., 33, 115 (1958). 
’ Singleton, J. R., Amer. J. Bot., 40, 124 (1953). 
* Messiaen, C. M., Ann, des Epiphyties, Series c, 285 (1955). 


SOIL SCIENCE 


A Warburg Vessel for Soil Samples 


Tue Warburg apparatus has often been used in soil 
research. LEllinger and Quastel' stated that the 
physical state of a moist sample permits sufficient 
diffusion of oxygen for aerobic biological processes. 
Therefore in many experiments soil samples are used 
in naturally moist state without making a suspension. 
For such experiments the conventional form of 
Warburg vessel is not convenient. There are difficul- 
ties in filling and washing the vessels, in removing the 
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samples for further analysis, ete. The side arm jg 
useless, for it is not possible to pour off quantitatively 
the substrate, which must therefore be added directly 
to the sample at the beginning of the experiment. 


VOL. 188 
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Fig. 1. 


The Warburg vessel for soil samples. 


1, Aperture for manometer; 2, aperture for glass stopper; 3, central 
well for alkali; 4, support for sample dish; 5, sample dish 


For these reasons we use in our Laboratory a 
Warburg vessel modified after Johnston?. The form 
of this vessel is shown in Fig. 1. The sample is placed 
on a sample-dish made from plastic or aluminium 
foil. All dishes have the same weight (that is, the 
same volume). The volumes of each pair, vessel 
and manometer, are adjusted to the same value 
(37 ml.) by means of polyethylene. 0-5 ml. of 
20 per cent potassium hydroxide is put into the 
central well. The advantages of such a vessel are as 
follows : 

(1) The samples are simply weighed direct on the 
dishes. 

(2) The vessels need not be washed after each 
experiment ; the washing of dishes is very simple. 

(3) Removing the sample after respiration experi- 
ment is easy. 

(4) The respiration experiment can be interrupted 
at any time by removing the dish with the sample 
which can be put into a wet-chamber in an oven 
for longer incubation or treated in various ways and 
then it can be easily returned to the vessel for further 
respiration measurements. 

(5) Since all vessels have the same constant, the 
calculation of mean values from replicate samples and 
of net consumption of oxygen for substrate oxidation 
are very easy, as well as the calculation of the 
respiratory quotient. 

(6) Hydroxide in the central well need not be 
changed for five days provided no more than 25 ml. 
of carbon dioxide has been produced. During this 
time the vessels can be continuously connected with 
manometers and the exchange of samples can be made 
only by opening the front glass-stopper. 


J. Drosnik 
Laboratory of Biophysics, 
Faculty of Sciences, 
Charles University, 
Prague. 


* Ellinger, G., and Quastel, J. H., Biochem. J.,42, 214 (1948). 


* Johnston, D. R., Plant and Soil, 4, 345 (1953). 
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Effect of Water-stress on the Absorption of 
Soil Phosphorus by Wheat Plants 


THERE is a limited amount of information on the 
oil-plant-root interaction with regard to the absorp- 
tion and accumulation of phosphorus and other ions 
by plants. 

“One approach to this problem is to investigate the 
offect of soil water-stress on the uptake of a particular 
sutrient ion. From a@ priori reasoning it might be 
uggested that as the soil water-stress increases the 
earse soil pores drain and, therefore, the cross- 
eetional area for diffusion of ions in the liquid phase 
is decreased. Hence the rate of absorption per unit 
sea of root surface would decrease. Danielson and 
Russell! present evidence supporting this suggestion. 
It was found that the uptake of rubidium-86 by maize 
vedlings from soil decreased with decreasing soil water 
ontent. Alternatively, since most nutrient ions are 
intimately associated with the surface of soil colloids, 
t is possible that the transfer of ions in the fine pores 
may be the dominant path for nutrient transfer from 
wil surfaces to the plant root. 

To test the relevance of these ideas, the effect of 
soil water-stress on the uptake of phosphorus by wheat 
plants three-weeks old has been studied using phos- 
phorus-32 as a tracer. 

Wheat plants (Triticum aestivium L. var. Warigo 
1957) were grown on a lateritic podzolic soil from 
Parndarna, South Australia, in a controlled environ- 
ment room. The interpretation of results was facili- 
tated since this soil was known to be very low in total 
phosphorus (0-002 per cent) and to have a high 
capacity for phosphate fixation. Relative humidity 
and air temperature over the experimental period 
were as follows: night, 64-65 per cent and 60—62° F. ; 
day, 48-52 per cent and 66—68° F. Day-length was 
12 hr. and the light intensity at the top of the pots 
was approximately 2,000 ft.-candles. 

Three levels of phosphorus were used: inadequate 
(50 p.p.m. phosphorus), adequate (150 p.p.m. phos- 
phorus), abundant (600 p.p.m. phosphorus); 60 uc. 
phosphorus-32 per gm. phosphorus-31 was used as a 
tracer. Other nutrients including two micro-nutrients 
were supplied at levels for normal plant growth. The 
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phosphate and other nutrients were mixed throughout 
the soil before potting the soil in ‘Pyrex’ beakers 
(400-ml.). 

Four levels of water stress were imposed as follows : 
soil maintained at approximately 18 per cent water 
content (pF 2-3) by frequent watering; soil dried to 
12 per cent water content (pF 3-0) then watered to 
18 per cent; soil dried to 8 per cent water content 
(pF 3-7), plants then harvested ; or soil dried to 8 per 
cent water content, then after approximately 12 hr. 
watered to 18 per cent, dried to 8 per cent water 
content and the plants then harvested. The water 
treatments are represented by 18, 12, 8 (1), and 8 (2) 
per cent respectively. The water-stress treatment 
during the period from the harvest of the 8 (1) per cent 
treatment to that of the 8 (2) per cent is represented 
in Fig. 1 as 8 (2)* per cent. The plants began to wilt 
at the 8 per cent water content. 

All treatments were replicated four times. Nine 
plants were grown in each pot and all plants were 
harvested within four days of beginning the water- 
stress treatments. Additional pots were included to 
determine the effect of phosphorus-32 on the growth 
of plants and the uptake of phosphorus. At the 
beginning of the water-stress treatments, the rate of 
evapo-transpiration at the adequate and abundant 
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Fig. 1. Effect of soil water-stress (see text) on the uptake by 
wheat plants of soil phosphorus. Vertical lines indicate differences 
for significance at P < 0-01 and P < 0-05. 





phosphorus-levels was 45 gm. per pot per day and 
25 gm. per pot per day at the inadequate phosphorus- 
level. 

Earlier workers have reported that phosphorus-32 
may stimulate or retard both the growth of wheat 
and barley plants and the accumulation of fertilizer 
phosphorus?-4. It is concluded from the present 
experiment that any effect of phosphorus-32, at the 
level used, would have been to increase slightly and 
not decrease phosphorus accumulation by wheat 
plants. Phosphorus-32 had no effect on the growth 
of tops and roots at all phosphorus-levels. 

The effect of phosphorus-level and water-stress on 
the rate of phosphorus accumulation is shown in 
Fig. 1. A statistical analysis was carried out on the 
results using a log (« + 10) transformation. The 
analysis showed that the rates of phosphorus uptake 
for the 18, 12 and 8 (1) per cent water treatments 
were not significantly different at any one level of 
phosphorus. However, the reduction in rate of uptake 
of phosphorus for the 8 (2)* per cent water treatment 
proved to be significant (P < 0-05 to P < 0-01) at 
the adequate and abundant phosphorus-levels. It is 
to be noted that during the 8 (2)* water treatment, the 
plants were allowed to wilt for 12 hr. The rate of 
evapo-transpiration following this period of wilting 
was significantly less than that prior to wilting. This 
fact, together with the evidence that the rate of 
uptake of phosphorus was reduced during the 8 (2)* 
per cent water treatment, indicates that the 
mechanism by which phosphorus and water are 
absorbed by the wheat plants had been damaged by 
the period of wilting. It is considered that this 
damage was associated mainly with the roots. 

The resulis, therefore, demonstrate that increasing 
water-stress did not affect the rate of uptake of 
phosphorus by young wheat plants provided that the 
plants were not damaged by wilting. 

It is concluded that the available soil phosphorus 
was mainly held in fine pores that remained full of 
water even when the plants were wilting. Since these 
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fine pores would not be so readily drained as coarser 
pores containing less phosphorus, it is suggested that 
the concentration of available phosphorus in the fine 
pores may be considerably higher than has been 
indicated earlier by workers using displacement 
techniques. : 
A more detailed report of this work is being pre- 
pared for publication elsewhere. 
R. G. Fawcett 
J. P. QurrK 
Department of Agricultural Chemistry, 
Waite Agricultural Research Institute, 
University of Adelaide, 


South Australia. 
1 Danielson, R. E., and Russell, M. B., Soil Sci. Soc. Amer. Proc., 21, 
3 (1957). 
® Scott Russell, R., Adams, S. N., and Martin, R. P., Nature, 164, 993 
(1949). 


® Dion, H. G., Dehm, J. R., Spinks, J. W. T., Sci. Agric., 29, 512 (1949), 
« Marais, P. G., and Fourie, S., South African J. Agric. Sci., 2, 3 (1959). 


VIROLOGY 


Potato Virus M and Paracrinkle 


In a recent communication under this title, 
Howard and Wainwright' confirmed earlier reports?‘ 
that potato plants of the variety King Edward 
contain potato virus S plus paracrinkle virus. The 
communication calls for comment and elaboration 
because it suggests a uniformity of infection in King 
Edward plants that conflicts with my experience. 
During the past two years I have tested many plants 
from seven different commercial stocks of King 
Edward, and most contained both viruses; but 
about 90 per cent of the plants in two of the stocks 
contained only paracrinkle virus, and one plant con- 
tained only virus S. This plant is the only one of the 
many hundreds tested by different workers since 
Salaman and Le Pelley’s® original work which did 
not contain paracrinkle virus. 

The origin and behaviour of paracrinkle virus have 
long continued to stimulate speculation and experi- 
ment. To account for the variation in symptoms 
when Arran Victory was grafted with scions from 
King Edward, Salaman suggested that King Edward 
contained two viruses of which occasionally only one 
was transmitted*. However, after it became clear 
that his suggestion was unacceptable, it became 
generally accepted that only one virus was involved. 
For long, too, this virus was thought to be unique to 
King Edward potatoes and to be transmissible only 
by grafting. All this is now known to be untrue. 
Paracrinkle virus was some years ago transmitted 
by mechanical inoculation of sap’, and was found to 
be remotely related serologically to other viruses 
such as carnation latent virus, which has been trans- 
mitted by aphids, and potato virus S, which has not*,. 
Potato virus S occurs in many potato varieties, 
including Arran Victory, so there was the obvious 
possibility that the severe disease caused in this 
variety by grafts from King Edward resulted from 
joint infection with viruses S and paracrinkle. My 
primary purpose in freeing a clone of Arran Victory 
from potato virus S (ref. 9) was to see what symptoms 
paracrinkle virus alone would cause. To ensure 


cultures of paracrinkle virus free from virus S, I 
inoculated tomato plants, which are hosts for para- 
crinkle virus but not for virus S, with sap from King 
Edward leaves and later grafted scions from the 
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tomato plants to virus-free Arran Victory potato 
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plants. Individual Arran Victory plants varieg 
greatly in their reaction; some showed the typicaj 
severe paracrinkle, others showed symptoms mora 
resembling those called leaf-rolling mosaic, and still 
others developed only a chlorotic blotching with little 
leaf deformity. The range was much the same ag 
when Arran Victory containing virus S are infected. 
Hence, there is no doubt that paracrinkle virys 
alone can cause a severe crinkling disease in Arran 
Victory. Virus S seems to contribute little to the 
effects, and the variation in symptoms shown by 
Arran Victory plants infected with only paracrinkle 
virus probably means that this, like most other 
viruses, occurs in strains that differ in virulence. 

Plants of several potato varieties suffering from 
leaf-rolling mosaic have been found to contain a virus 
that has been called M and shown to be closely 
related serologically to paracrinkle virust. After 
Wetter and Vélk found that virus M could be trans. 
mitted by the aphid Myzus persicae, it seemed that 
the transmissibility of paracrinkle virus by aphids 
should be re-investigated. The tests I have made 
show that some stocks of King Edward contain 
strains of the virus that are transmitted by Myzus 
persicae, whereas from others, which gave similar 
symptoms when grafted on to Arran Victory plants, 
the aphid has failed to transmit anything. I am now 
surveying commercial stocks of King Edward to get 
some idea of the frequency with which aphid-trans- 
mitted strains occur. 

The present position can be summarized briefly : 
most King Edward plants contain paracrinkle virus 
and virus S, some contain only paracrinkle and a few 
only S. The paracrinkle virus in different plants 
differs in its virulence (some strains are indistinguish- 
able from virus M) and in its transmission by Myzus 
persicae. 


B. Kassan Is 


Rothamsted Experimental Station, 
Harpenden, Herts. 

* Howard, H. W., and Wainwright, J., Nature, 186, 993 (1960). 

* Rozendaal, A., and van Slogteren, D. H. M., Proc. Third Conf. Potato 
Virus Diseases, Lisse-Wageningen, 1957, p. 20 (1958). 

* Wetter, C., Fourth Int. Kong. Pflanzenzucht. Proc. Hamburg, 1957, 
p. 317 (1959). 

. Dr R. H., Wetter, C., and Larson, R. H., Phytopath., 49, 435 

. conaoek R. N., and Le Pelley, R. H., Proc. Roy. Soc., B, 106, 140 

* Salaman, R. N., Proc. Roy. Soc., B, 110, 186 (1932). 

? Bawden, F. C., Kassanis, B., and Nixon, H. L., J. Gen. Microbiol., 
4, 210 (1950). 

* Kassanis, B., J. Gen. Microbiol., 15, 620 (1956). 

* Kassanis, B., Ann. App. Biol., 45, 422 (1957). 

*° Wetter, C., and Volk, J., European Potato J., 3, 158 (1960. 


THE discovery by Dr. B. Kassanis that 90 per cent 
of plants in two stocks of King Edward contained 
only paracrinkle virus and were free from virus § 
suggests that virus S entered King Edward stocks 
later than did paracrinkle virus (virus M). The King 
Edward used by us' wes possibly derived from 
Salaman’s original material, as the plants investigated 
were the descendants of occasional Red King mutants 
found in a stock being propagated by the National 
Institute of Agricultural Botany and which had 
originally been supplied by Salaman*. Similarly, the 
King Edward stock investigated by Bagnall, Larson 
and Walker* in the United States, and which also 
contained both viruses S and M, was obtained 
indirectly from Salaman. This suggests that the 
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tock of King Edward used by Salaman and Le 
Pelley* may have contamed both viruses S and M, 
jlthough, of course, stocks at the National Institute 
Agricultural Botany and those in the United 
states could have picked up virus S at a later date. 
“We should also like to take this opportunity of 
aying that in our previous communication! we have 
nisinterpreted Bagnall, Wetter and Larson’. Although 
chev state that ‘‘evidence now indicates that para- 
rinkle is for all practical purposes a synonym of 
eaf-rolling mosaic, and that both of these diseases 
sre incited by complexes of virus S and virus M”’, 
Dr. Wetter has pointed out to us that in other parts 
f their paper they leave it undecided as to the parts 
slayed by the two viruses in causing paracrinkle and 
paf-rolling mosaic symptoms. 


N». 4751 


H. W. Howarp 
J. WAINWRIGHT 


Plant Breeding Institute, 
Trumpington, 
Cambridge. 
Howard, H. W., and Wainwright, J., Nature, 186, 993 (1960). 
Howard, H. W., Genetica, 30, 278 (1959). : 
Bagnall, R. H., Larson, R. H., and Walker, J. C., Res. Bull. Wis. 
agric. Exp. Sta., 198 (1956). 
‘Salaman, R. N., and Le Pelley, R. H., Proc. Roy. Soc., B, 106, 140 
(1930). 
Bagnall, R. H., Wetter, C., and Larson, R. H., Phytopath., 49, 435 
(1959). 


Influence of a Quaternary Ammonium Salt 
on the Infectivity of Ribonucleic Acid from 
Tobacco Mosaic Virus 


Ix a previous paper, some of us’ have shown that 
the quaternary ammonium salts of deoxy- and ribo- 
nucleic acids are soluble in organic solvents, and that 
by the addition of a concentrated solution of sodium 
chloride a precipitate of the sodium salt of the nucleic 
acids is obtained. It seemed interesting to us to 
know if the preliminary treatment of a viral ribo- 
nucleic acid with a quaternary ammonium salt 
produces a structural modification which can be 
demonstrated by the disappearance of the infectivity 
of the ribonucleic acid. 

Ribonucleic acid preparations were obtained from 








tobacco mosaic virus by the phenol method of Gierer 
and Schramm?. The solutions in 0-01 M phosphate 
contain about 0-3 per cent ribonucleic acid. The 
infectivity of these preparations was tested by 
counting the number of lesions produced on Nicotiana 
glutinosa. At the same time the following controls 
were made on the solutions: measurement of the 
sedimentation constant, determination of the mole- 
cular weight by light-scattering, serological control 
of the absence of viral proteins. 

Simultaneously, one volume of the solution of 
ribonucleic acid from tobacco mosaic virus was 
divided into two parts; an equal volume of 0-2 per 
cent cetyl-trimethyl-ammonium bromide was added 
to each part ; the precipitates of the ammonium salts 
of ribonucleic acid were washed three times by 
centrifuging their suspensions in water. Then, one 
of the samples was dissolved in absolute ethanol and 
the other one in dimethylformamide. The ribo- 
nucleic acid was precipitated in both solutions by 3 M 
sodium chloride and dissolved in 0-01 M phosphate. 
The concentration of these solutions was determined 
by measurements of the optical density at 260 my 
with a Jobin-Yvon spectrophotometer. The infec- 
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Table 1 





| 

Concentration of | 
ribonucleic acid | 
(ingm. per ml.) | 


No. of lesions 
per 25 leaves 


Experiment 





| 
a 
} 1 2 3 1 2 3 


| Ribonucleic acid control 





350 166 530 | 1-00 1°13 1-19 | 
Ribonucleic acid from 
| _ethanol solution 369 140 350 | 1:04 1-03 0-58 | 
| Ribonucleic acid from | 
| dimethylformamide | 
solution 118 118 270 1:04 0-81 0:96 





tivity tested by the lesions produced on N. glutinosa 
in both cases was compared with the infectivity of 
the original solution. The results are given Table 1. 

It was found that 1 ml. of each solution incubated 
at 4° C. during 10 min. with 2 yugm. ribonuclease 
gives no lesions on the host. 

The present results show that precipitation of the 
tobacco mosaic virus ribonucleic acid as a quaternary 
ammonium salt, its solubilization in ethanol or 
dimethylformamide and its regeneration as a sodium 
salt do not destroy its infectivity. However, it can 
be seen that although the infectivity is not signific- 
antly altered after treatment with ethanol, it seems 
to be lowered after the treatment with dimethy]- 
formamide. 

These results seem to be in general agreement with 
those obtained by Guerritore* on the effect of cetyl- 
trimethyl-ammonium bromide on the infectivity of 
aqueous extracts of Rous sarcoma. 


LEON HirRtH 
GENEVIEVE LEBEURIER 


Institut de Botanique, 
Faculté des Sciences, 
Strasbourg. 


GENEVIEVE AUBEL-SADRON 
GIskLE Breck 
JEAN-PIERRE EBEL 


Laboratoire de Chimie Biologique, 
Faculté de Pharmacie, 
Strasbourg. 


PauLt Horn 


Centre de Recherches sur les 
Macromolécules, Strasbourg. 


* Aubel-Sadron, G., Beck, G., Ebel, J. P., and Sadron, Ch., Biochim. 
Biophys. Acta, 42, 542 (1960). 

* Gierer, A., and Schramm, G., Z. Naturforsch., 11b, 2 (1956). 

* Guerritore, D., Nature, 181, 419 (1958). 


MISCELLANY 


A New Shadowing Material for Electron 
Microscopy 


THE high resolving power of electron microscopes 
at present available makes the granularity of metal- 
shadowing media the limiting factor in the obser- 
vation of extremely fine details of surface topography 
in shadowed specimens. 

Platinum has probably been used more widely 
than any other metal because its high melting point 
and chemical inertness result in a very stable film. 
It does, however, have one disadvantage in that it 
forms a crystalline film which tends to appear 
granular at high magnification. When a platinum- 
shadowed specimen is examined at magnifications 
higher than about x 40,000, the image is seen to 
consist of many small opaque spots. While this 
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granularity serves as an excellent test-object for 
resolution, it begins to limit detail in shadowed 
specimens. 

In our search for a finer grained material, two 
things led us to try osmium oxide : (i) tissue sections 
stained with osmic acid often show very fine-grained, 
extremely opaque detail ; (ii) a heavy metal oxide or 
mixtures of oxides might provide contrast but yet 
crystallize less readily than pure metals. 

An osmium oxide can be obtained easily by mixing 
dilute aqueous solutions of osmium tetroxide and 
ferrous sulphate. A heavy, black, easily filterable 
precipitate forms at once and can be washed free of 
iron with dilute sulphuric acid. This black precipitate, 
although too dense to permit electron diffraction as 
formed, has been shown to be amorphous by X-ray 
diffraction. It can be evaporated from a tungsten 
ribbon to form a film that is not only amorphous to 
electron diffraction in the same sense that carbon is 
amorphous, but also exhibits intense scattering in the 
diffuse halos, as shown in Fig. la. This results in 
extreme opacity and requires only a very thin film to 
provide adequate contrast in the final image. Suitable 
films of osmium oxide are in fact so thin that they do 
not change the visual appearance of the specimen. 

This black osmium oxide, on heating to red-heat 
in a closed container, forms brown-red crystalline 
osmium dioxide, identified by X-ray diffraction. Even 
this crystalline material forms an amorphous film on 
evaporation. 

In the specific example described here, a small 
portion (~10 mm.* volume) of moist osmium oxide 
was placed on a tungsten ribbon filament approxi- 
mately 10 mm. x 40 mm. and evaporated through a 
2-mm. pin-hole placed as close as possible to the 
filament. The specimen was placed approximately 
8 cm. from the source and shadowed at an angle of 
30°. After shadowing, the shadowed carbon film was 
floated in the conventional way from its mica support 
and picked up on a standard specimen grid. 

Fig. 2b shows fine crystals of sodium laurate grown 
from acetone on a carbon support film and shadowed 
with platinum. Compare this with the same material 


Fig. 1. Electron diffraction pattern of (a) an evaporated film of 

Os0, showing diffuse, intense halos, and (6) an evaporated film 

of platinum on a earbon support showing the crystalline nature of 
the material 
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Electron micrographs of sodium laurate crystals taken at 
using (@) osmium oxide shadowing and (b) platinum 
shadowing 


Fig. 2. 
40,000 x 


shadowed with osmium oxide (Fig. 2a). Notice how 
these crystals are more clearly outlined. The granu- 
larity in the background is quite different from that 
of the crystals and probably reflects the granularity 
of the carbon film. For our work with this type of 
sample, osmium oxide has proved superior to plati- 
num as a shadowing agent. 

The electron-micrographs were obtained on a 
Siemens Elmiskop I using a beam voltage of 80 kV., 
and x 40,000 direct magnification. Magnification of 
micrographs reproduced is x 280,000. 


A. P. Murpuy 
J. F. Goopman* 


Miami Valley Laboratories, 
The Procter and Gamble Company, 
Cincinnati 39, Ohio. 


* Present address : Thomas Hedley and Co., Ltd., Newcastle upon 


Tyne 1, 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 






Monday, November 21 


RoyAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
W.7), at 5 p.m.—Mr. R. J. Harrison Church: “Problems and 


velopment of the Dry Zone of West Africa’’. 


society OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Bel- 
sve Square, London, S.W.1), at 5.30 p.m.—Mr. L. C. Stones: 
wystemic Use of Insecticides in Animals”. 

UNIVERSITY OF LONDON (in the Anatomy Lecture Theatre, Univer- 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Dr. John O. 
gliss (University of Illinois): “‘A Modern Approach to Phylogeny 
id Evolution of the Protozoa”.* (First of three lectures on “The 
folution of the Protozoa”. Further lectures on November 28 and 
eember 5.) 

INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
“0DENT SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m.— 
t. M. J. Pope: “Magnetic Amplifiers in Power Engineering’. 


















Monday, November 2!—Friday, November 25 


§EcOND INDUSTRIAL PHOTOGRAPHIC AND TELEVISION EXHIBITION 
«the Royal Albert Hall, London).* 








Tuesday, November 22 


SocleTY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 
vigrave Square, London, 8.W.1), at 10.30 a.m.—Meeting on “*Physio- 
ical and Economic Aspects of the Nutrition of Livestock”. 


UNIVERSITY OF LONDON (at Bedford College, Regent’s Park, London, 
¥W.1), at 5.15 p.m.—Dr. Kathleen Kenyon: “Archeology and 
history”’.* 

INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the 
[INSTITUTION OF CIVIL ENGINEERS, at the Institution of Civil Engineers, 
Great George Street, London, 8.W.1), at 5.30 p.m.—Mr. V. Furuskog 
ad Mr. G. F, Kennedy : “The Aswan Hydro-Electric Scheme”’. 










ai 

= INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION GROUP 
" U at 1 hirdeage Walk, Westminster, London, 8.W.1), at 6 p.m.— 
wee, Discussion on “Bearing Corrosion”. 

aiy UNIVERSITY OF LONDON (in the Library of the Institute of Bankers, 
ant 10 Lombard Street, London, E.C.), at 6 p.m.—Mr. D. T. Healey : “‘Case 
ys Sudy in Agriculture’. (Fourth of five lectures on “United Europe’’. 
arty) Further lecture on November 29.) 

- SocIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
‘Ou o at 14 Belgrave Square, London, 8.W.1), at 6.30 p.m.—Dr. P. H. 


) Pesch: “A Comparison between Cationic and Free Radical Poly- 
Ly 2 merisation’’. 


Wednesday, November 23 





> Ef vsvensrry oF Lonvon (at the Postgraduate Medical School of 
ae london, Ducane Road, London, W.12), at 2 p.m.—Dr. V. Wynn: 
oe) Acid-base Metabolism”’.* 

nO SocrreTy OF CHEMICAL INDUSTRY, Foop GrovP (in collaboration 
>a with the FooD MANUFACTURERS’ FEDERATION, INC., at the Borough 
\S ’ Polytechnic, Borough Road, London, 8.E.1), at 2.30 p.m.—Meeting 
é,* on “Protective Clothing in the Food Industry”. 


=: GEOLOGICAL SocIETY OF LONDON (at Burlington House, Piccadilly, 
5 London, W.1), at 5 p.m.—Dr. R. L. Oliver : ‘“‘The Borrowdale Volcanic 


ae) and Associated Rocks of the Scafell Area, Lake District”; Dr. J. H. D 
Whitaker: “The Geology of the Area around Leint Wardine, 

| at Hereford”’. 

um INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, 8.W.1), at 6 p.m.—Mr. H. Headland: “Blaenau 
Ffestiniog and other Medium Head Pumped Storage Schemes in 

= Great britain”’. 

on SoclETY OF ENVIRONMENTAL ENGINEERS (at the Imperial Colleg® 

inu- of Science and Technology, London, 8.W.7), at 6 p.m.—Meeting on 

hat Vibration Testing and Instrumentation of Large Stores”. 

rity BRITISH INSTITUTION OF RADIO ENGINEERS, ELECTRO-ACOUSTICS 

. GrovPp (at the London School of Hygiene and Tropical Medicine, 
» of Keppel Street, Gower Street, London, W.C.1), at 6.30 p.m.—Mr. 
ati- F. H. Brittain: “Objective and Subjective Requirements for Loud- 


speakers”’. 
ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the SourH- 
a West EssEx COLLEGE OF TECHNOLOGY CHEMICAL Socrgty, at the 
V South-West Essex College of Technology, Forest Road, London, E.17), 
f - 7 p.m.—Prof. J. A. V. Butler, F.R.S.: “Nucleic Acids and 
0 Heredity”. 


Thursday, November 24 


LINNEAN SocrEty OF LONDON (at Burlington House, Piccadilly’ 
London, W.1), at 5 p.m.—Dr. Wm. T. Stearn: “On the Sesquicenten- 
ary of the publication of Rbt. Brown’s Prodromus Novae Hollandiae”’ ; 
Dr. Robert F. Thorne: “The Queensland Rain Forests’’. 


ROYAL Socrkty OF ARTS, COMMONWEALTH SECTION (at John Adam 
Street, Adelphi, London, W.C.2), at 5.15 p.m.—Mr. Peter Runge: 

The West Indian Sugar Industry”. 
UNIVERSITY OF LONDON (at the Institute of Laryngology and 
on Otology, Royal National Throat, Nose and Ear Hospital, Gray's Inn 
Road, London, W.C.1), at 5.30 p.m.—Dr. E. H. Mercer: “The Fine 
Structure of the Normal and Malignant Cell’’.* 





NATURE 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
5.30 p.m.—Dr. H. B. Hewitt: “‘Fundamental Aspects of the Radio- 
therapy of Cancer”.* (Eleventh of fifteen lectures on “The Scientific 
Basis of Medicine” organized by the British Postgraduate Medical 
Federation.) 
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UNIVERSITY OF LONDON (at Wye College, Wye, Ashford, Kent), 
at 8 p.m.—Prof. B. Maegraith : “The Effects of Disease and Environ- 
ment on Economic and Social Development in Hot Countries”.* 


Thursday, November 24—Friday, November 25 
INSTITUTE OF PACKAGING (at the Connaught Rooms, Great 
Street, London, W.C.2), at 10 a.m. daily—Conference on: 


in Packaging”. 
Thursday, November 24—Tuesday, December 20 


ROYAL PHOTOGRAPHIC SOCIETY OF GREAT BRITAIN (at 16 Princes 
Gate, London, 8.W.7)—Autumn Exhibition of Nature Photography.* 


ueen 
“Odour 


Friday, November 25 


INSTITUTE OF PHYSICS AND THE PHYSICAL Society (at the Institu- 
tion of Electrical Engineers, Savoy Place, London, W.C.2), at 10 a.m. 
—Symposium on “New Materials of Interest to the Physicist”. 


BRITISH NATIONAL COMMITTEE FOR HIGH SPEED PHOTOGRAPHY 
(in the Lecture Theatre, Victoria and Albert Museum, South Kensing- 
ton, London, 8.W.7), at 10.15 a.m.—Report on “The Fifth Inter- 
gs w oo on High Speed Photography, Washington, Octo- 

r 16-23”. 


Friday, November 25—Saturday, November 26 


BRITISH SOCIETY FOR IMMUNOLOGY (at the Wellcome Building, 
183 Euston Road, London, N.W.1)—Autumn Meeting. 


Friday, November 25 


At 9.30 a.m.—Symposium on “Stimulation of Antibody Production”. 
Chairman: Sir John Boyd, F.R.S. 


Saturday, November 26 


SOCIETY FOR THE STUDY OF HUMAN BIOLOGY (in the Department 
of Anatomy, University College, Gower Street, London, W.C.1), at 
10 a.m. and 2.15 p.m.—Symposium on “Recent Developments in the 
Study of Characters of Anthropological Importance” . 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned. 

ASSISTANT CATALOGUER (graduate, preferably with library 
experience) IN THE SCIENCE SECTION of the University Library— 
The Registrar, The University, Manchester (November 26). 

OFFICIAL FELLOW IN MATHEMATICS—The Principal, Hertford 
College, Oxford (November 26). 

LECTURERS (2) (with good academic qualifications and industrial 
or other experience in one of the following fields: electric power 
engineering, electrical machines, electrical measurements, control 
engineering, or microwave engineering) IN THE DEPARTMENT OF 
ELECTRICAL ENGINEERING—The Registrar, The University, Leeds 2 
(December 2). 

READER (with a degree in pharmacy, and the qualifications and 
experience to direct research and postgraduate work in the physical 
aspects of pharmaceutics) IN GENERAL PAHARMACEUTICS—The Clerk 
to the Governors, Chelsea College of Science and Technology, Manresa 
Road, London, 8.W.3 (December 2). 

RESEARCH FELLOWS (honours graduates in chemistry with interests 
in physicai chemistry) IN POLYMER CROSS-LINKING in the Department 
of Textile Chemistry—The Registrar, Manchester College of Science and 
Technology, Manchester 1 (December 3). 

ASSOCIATE PROFESSORS IN MATHEMATICS AND APPLIED MATHE- 
MATICS at the University of Cape Town, South Africa—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (South Africa and London, December 5). 

SENIOR LECTURERS and LECTURERS IN MATHEMATICS at Monash 
University, Clayton, Victoria, Australia—The Secretary, Association 
of Universities of the british Commonwealth, 36 Gordon Square, 
London, W.C.1 (Australia and London, December 5). 

ASSISTANT LECTURER (preferably with experience in teaching and 
research, and with training in physical chemistry) IN CaEMISTRY— 
The Secretary, The Medical College of St. Bartholomew’s Hospital, 
West Smithfield, London, E.C.1 (December 10). 

DEMONSTRATOR IN SMALL ANIMAL MEDICINE AND SURGERY—The 
Registrar, The University, Liverpool (December 10). 

LIOPHYSICIST IN THE DEPARTMENT OF MEDICINE, University of 
Sydney, Australia—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (Australia 
and London, December 16). 

LECTURER (preferably qualified in physical geography) IN GEo- 
GRAPHY at the University of Sydney, Australia—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (Australia and London, December 19). 

LECTURER IN PsYCHOLOGY—The Registrar (Room 22, O.R.B.), 
The University, Reading (December 31). 3 

CrBA FELLOWSHIPS to enable graduates of universities of the U.K., 
Northern Ireland and Eire (who may be at present either at the uni- 
versity or in industry) to carry out research at Continental universities 
in chemistry, physics or some other allied scientific subject—The Ciba 
Fellowship rust, Ciba (A.R.L.), Limited, Duxford, Cambridge 
(January 15). 
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CHAIR OF PSYCHOLOGY in the University of Sydney, Australia— 
The Secretary, Association of Universities of the british Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia and London, 
January 31). 

ASSISTANT BIOCHEMIST (with a first- or second-class honours degree 
in chemistry or biochemistry) IN THE AREA PATHOLOGY LABORATORY 
—The Administrative Othcer, Stoke Mandeville Hospital, Aylesbury. 

ASSISTANT LIBRARIAN (Associate of the Library Association, and 
preferably with a knowledge of French and German) IN THE DEPART- 
MENT OF ForESTRY—The Librarian, Department of Forestry, South 
Parks Road, Oxford. 

ASSISTANT (preferably with a medical qualification and previous 
laboratory experience) IN THE DEPARTMENT OF BACTERIOLOGY, for 
duties which will include some teaching and virus research—The 
Secretary, bmg orf College Hospital Medical School, University 
Street, London, Ww.c. 

CHFMIST or bassnsee (with a first- or good second-class honours 
degree in chemistry or physics, and preferably Ph.D. or equivalent 
research experience in the following fields : (a) irradiation metallurgy ; 
(+) ceramics; (c) fluid flow and diffusion through porous materials ; 
and (d) radioactive measurements), to lead a team in experimental 
work concerned with aspects of radiation and thermally induced 
changes in structural materials, radiation dosimetry and fuel burning 
~The Personnel Manager (1778/34), U.K.A.E.A., A.E.R.E., Harwell, 
Didcot, berks. 

EXPERIMENTALIST (with G.C.E. at “A” level, H.N.C. or equivalent 
and appropriate experience) IN THE PROTON Puysics Group of the 
Nuclear Physics Division, for work associated with the investigation 
of various methods, such as plating and vacuum evaporation, for 
producing thin targets for exposure in the proton linear accelerator 
and also to work on nuclear detectors and to a“ in the experi- 
mental work of the group which is using the P.L.A. for studying nuclear 
structure—The Personnel Manager (1824/34), U.K.A.E.A., A.E.R.E., 
Harwell, Didcot, berks. 

LABORATORY Srewarp, Grade I (with a higher national certificate 
or higher national diploma in electrical engineering or physics, or 
- a 7 qualifications), to undertake the operation and servicing 

the new Phillips E.M. 100 electron microscope and of X-ray 
diffraction equipment, and to assist in the maintenance and servicing 
of nucleonic counting equipment and general laboratory duties—The 
Clerk to the Governors, Plymouth and Devonport Technical College, 
Education Offices, Cobourg Street, Plymouth. 

LECTURER IN AERODYNAMICS; and an ASSISTANT LECTURER IN 
AERODYNAMICS OR AERO/SPACE PROPULSION, to engage in B.Sc., 
Dip. Tech. and postgraduate courses and in research—The Secretary, 
ss ton College of Advanced Technology, St. John Street, 

»yndon 1. 

Myo ta (with Ph.D. or equivalent degree), to carry out diag- 
nostic ‘work for the hospital (including collaborative research work 
with the clinical departments) and research in air-borne fungi in 
conjunction with the Department of Allergy—The Secretary, Wright— 
Fleming Institute of Microbiology, St. Mary’s Hospital Medical School, 
Norfolk Place, London, W.2. 

READER (with high academic qualifications and research or indus- 
trial experience) IN FLUID MECHANICS OR ABRO/SPACE PROPULSION— 
The Secretary, Northampton College of Advanced Technology, St. 
John Street, London, E.C.1, 

RESEARCH ASSISTANT (graduate, not necessarily in a science sub- 
ject) WITH THE DATA ANALYSIS GROUP, to assist with, and then take 
charge of, an electronic measuring machine and teleprinter recording 
data from interactions of high energy particles in a bubble chamber— 
The Administrative Assistant, Physics Department, The University, 
Birmingham 15. 

RESEARCH ASSISTANT, for chemical and radiochemical analytical 
work on minerals—Dr. J. R. butler, Geology Department, Imperial 
College of Science and Technology, London, 8.W.7. 


REPORTS and other PUBLICATIONS 


(not included in the thly Books Supplement) 





Great Britain and Ireland 


Scientific and Industrial Research. Research fo 
a Report on work done by Industrial Research 


iv+126+12 plates. 
(London: H.M., Stationery Office, 1960.) 8s. net. [118 
Flora of Tropical East Africa. Edited by C. E. Hubbard and E. 
Milne-Redhead. Alismataceae. By Susan Carter. Pp. 16. 2s. Buto- 
maceae, by Susan Carter. Pp. 3. 1s. (London: Crown Agents for 
Oversea Governments and Administrations, 1960.) {118 
Institute of Metals. Metallurgical Reviews, Vol. 5, No. 17. Review 
Serial No. 42: The Theory and Practice of Vacuum Melting. By O. 
Winkler. Review Serial No. 43: Progress in Investment Casting. 
By Rawson L. Wood. Pp. 135. Published quarterly. Annual subscrip- 
tion : Members of the Institute £1 12s. 6d. (5 dollars) post free. Non- 
members £2 10s. Od, (7.50 dollars) post free. (London: Institute of 
Metals, 1960.) [118 
The Perils of Leadership in Science. By Prof. Sir Lindor Brown. 
(Sir David Russell Memorial Lecture No. 2, delivered before the Univer- 
sity of St. Andrews at Queen's College, Dundee, 9 March 1960.) Pp. 20. 
(London: Oxford University Press, 1960.) 3s. 6d. net. {118 
Association of University Teachers. Some Problems of University 
Development. Pp. 7. (London: Association of University Teachers, 
21 Dawson Place, w. 2, 1960.) 1s. 6d. {118 
British Coal Utilisation Research Association. Annual Report, 1959. 
Pp. 55. (Leatherhead: British Coal Utilisation Research ——ae 
1960.) 
Department of Scientific and Industrial Research : Building Research 
Station. Tropical Building Studies No. 2: Buildings for the Storage 
of C rops in Warm Climates. By W. H. ‘emen Pp. 24. (London : 
H.M. Stationery Office, 1960.) 4s. 6d. ne {118 
Revision Notes on Biology for “O” Level of the G.C.E. By G. J 
Bolton. Pp. 17. (Oxford: Basil Blackwell, 1960.) [128 


Department of 
Industry 1959: 
Associations in the Government Scheme. Pp. 


NATURE 


November 19, 1960 , 


Department of Scientific and Industrial Research : National 
Laboratory. The Refractive Index of Air for Radio Waves and Mies 
seo Pp. 27. (Teddington, Middx.: National Physical Laborsiae 


La =f of Agriculture and Fisheries for Scotland. tine 
Research 1960, No. 2: Seals and Scottish Fisheries. By Dr. Rennath 
Rae. Pp. 304-0 or. (Edinburgh and London: H.M. si sionery 
Ogee. 1960.) 158. ne : 

Department of Selentific and Industrial Research : Building ~ 
search Station. National Building Studies Research Pa mar” No, $02 
The Durability of Reinforced Concrete in Sea Water— 

Report of the Sea Action Committee of the Institution of ‘Civ ie 
gineers. By Dr. F. M. Lea and Dr. C. M. Watkins. Pp. yi 
plates. (London: H.M. Stationery Office, 1960.) 4s. net. 


Ol. 188 


> 


Other Countries 


Forty-Third Annual Report of the National Research 
Canada, 1959-60, including the Annual Report of Canadian 
and Development, Limited, Pp. 40. (N.R.C. No. 5665.) (0¢ 
Queen’s Printer, 1960.) 

European Productivity pay eye for w 
Economic Co-operation. Food and Agriculture Documentation 
No. 21: Marketing and Consumption of Frozen Fish in 0.RR¢ 
Countries : Report presented at the Meeting of Experts on 
frozen Foods, held in Verona, 6th to 12th October, 1959. Pp, 
(Project No. 5/18. ) (Paris: European Productivity Agency, 
ation for European Economic Co-operation ; London: H.M. 
oy, Office, 1960.) 4.80 NF.; 7s8.; 1 dollar. 

Carnegie Institution of Washington : Department of T 
———, List of Publications for the year 1959. Pp. 7. 

Report of the Director.of the Department of Terrestrial M 
1968-1989. Pp. . ote plate. (Reprinted from 
Institution of ington Year Book 58, for the year July 1 1 tae 
— oy .) (Washington D.C, : Carnegie Institution of W. 

n, 

Sveriges Geologiska Undersékning. Oversiktskartor med 
ningar. Ser. Ba, No. 16: Description to Accompany the Map of 
Pre-Quaternary Rocks of Sweden. By N. H. Magnusson, P. Thore 
lund, F. Brotzen, B. Asklund and O. Kulling. Pp. = (Stockholm : 
Sveriges Geologiska Undersékning, 1960.) 15 Sw. 

Chesa, mae ple ym Vol. 1. No. 1 (April, 1960). (A Hegional Je 
of Research and n Natural Resources.) Pp. 77. Subseri 
tion price 2 — per one. Individual issues 75 cents per copy. 
~~ ae nd: Maryland Department of Research and E 
on 

Reports of the veenly of Fisheries, Prefectural  Univenstiy of i 
Japan. Vol. 3, No. 1, October 1958. Pp. 249. Vol. 3, No. 2, Nove r 
1959. “Pp. 251-470." (Otanimachi, Tsu, Mie Prefecture : Prefectural 
University of Mie, 1958 and 1959.) ‘ 

Organization for European Economic Co-operation: E 
ey yt | Agency. Documentation in Agriculture and Food No, 
27: Agricultural Regions in the European Community. 53+5 
maps. (Paris: European Productivity Agency, Organization or Euro- 

n Economic Co-operation ; ndon: H.M. Stationery 
1960.) 7 NF.; 108. 6d.; 1.50 dollars ; 7 Sw. francs ; 6 D.M. {l 

National Institute of Sciences of India, New Delhi. Bulletin No, 
17 (March 1960): Proceedings of the Symposium on Thyro-Go 
ww, Piwuitary Relationships, held at New Delhi on Octobe 
2, 3, 4, 1959. Pp. xi+133+7 plates. (New Delhi: National Institute: 
of Deon of India, 1960.) Rs. 10.62. 1 

United States Department of the Interior: Fish and Wildl 
Service. Bureau of Sport Fisheries and Wildlife. North America 
Fauna, No. 63: The Trumpeter Swan—lIts History, Habits, 
Population in the United States. By Winston E. Banko. Pp. x+2h 
(Washington, D.C. : Government Printing Office, 1960.) 1 dollar. [1 

Museum of Comparative Zoology at Harvard College. Brevio 
No. 126 (June 3, 1960): Mid-Scythian Ammonites from Iwai Fo 
mation, Japan. By Bernhard Kummel and Sumio Sakagami. Pp. 11 
plates. Bulletin of the Museum of Comparative Zoology at Ha 
College. Vol. 122, No. 8: The Palatine Process of the Premax! 
in the Passeres: a Study of the Variation, Function, Evolution 
Taxonomic Value of a Single Character Throughout an Avian Ord 
By Walter J. Bock. Pp. 359-488. Vol. 122, No. 9: The Snakes 
Ecuador: a Check List and Key. By James A. Peters. Pp. 489-54] 
Vol. 123, No. 1: The Fossil Carnivore Amphicyon longiramvs fro 
the Thomas Farm Miocene. Part 2: Postcranial Skeleton. By Stanie 
J. Olsen. Pp. 1-44+1 plate. (Cambridge, Mass.: Museum of Con 
parative Zoology at Harvard College, 1960.) 16 

United States Department of Commerce: Coast and Geod 
Survey. C and GS Publication 31-1: Surface Water Temperature and 
Salinity, Atlantic Coast, North and South America. Pp. iii+76) 
(Washington, D.C. : Government Printing Office, 1960.) 50 cents. [168 

Bulletin of the Madras Government Museum. New Series, Natural 
History Section, Vol. 6, No. 4: The Land and Freshwater Mollusca 
in the Collection of the Madras Government Mussum, By Dr. & 
Thomas Satyamurti. Pp. vi+174+21 plates. (Madras: Government 
Museum, 1960.) 13. (168 
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